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NON-MAGNETIC COMPOSITE PARTICLES, 
PROCESS FOR PRODUCING THE SAME 
AND MAGNETIC RECORDING MEDIUM 

USING THE SAME 

BACKGROUND OF THE INVENTION: 

The present invention relates to non-magnetic composite 
particles, a process for producing the non-magnetic com 
posite particles, and a magnetic recording medium using the 
non-magnetic composite particles. More particularly, the 
present invention relates to non-magnetic composite par 
ticles having a high polishing effect and a high dispersibility, 
a magnetic recording medium Which is provided With a 
non-magnetic undercoat layer using the above non-magnetic 
composite particles, and has an excellent durability and a 
sufficient surface smoothness, a non-magnetic substrate con 
taining the non-magnetic composite particles, and a process 
for producing the non-magnetic composite particles. 

With the recent tendency toWard miniaturiZation and 
Weight-reduction of video or audio magnetic recording and 
reproducing apparatuses as Well as prolonged recording time 
of these apparatuses, magnetic recording media such as 
magnetic tapes or magnetic discs have been strongly 
required to have a high performance, namely, high recording 
density, high output characteristics such as, especially, 
improved frequency characteristics, loW noise level or the 
like. 

In particular, recent video tapes have been also required to 
exhibit higher picture quality, so that the frequencies of 
carrier signals recorded thereon are shifted to shorter Wave 
length region (short Wave-recording) as compared to those 
used for conventional video tapes. As a result, the magne 
tiZation depth from the surface of the magnetic tape has 
become remarkably shalloW. 

In order to improve the high output characteristics, 
especially, the S/N ratio of a magnetic recording medium 
When short-Wavelength signals are recorded thereon, it has 
been strongly required to reduce the thickness of a magnetic 
recording layer of the magnetic recording medium. In order 
to reduce the thickness of the magnetic recording layer, it is 
necessary to smoothen the surface of the magnetic recording 
layer and lessen the un-uniformity of thickness thereof. To 
meet these requirements, it is also required to smoothen the 
surface of a base ?lm used in the magnetic recording 
medium. 

With the recent tendency toWard reduction in thickness of 
the magnetic recording layer, in order to solve conventional 
problems such as poor surface properties and deteriorated 
electromagnetic performance of the magnetic recording 
layer, there has been proposed and put into practice a method 
of providing at least one undercoat layer comprising a binder 
resin and non-magnetic particles dispersed therein 
(hereinafter referred to merely as “non-magnetic undercoat 
layer”) on a non-magnetic base ?lm (Japanese Patent Pub 
lication (KOKOKU) No. 6-93297(1994), and Japanese 
Patent Application Laid-Open (KOKAI) Nos. 62-159338 
(1987), 63-187418(1988), 4-167225(1992), 4-325915 
(1992), 5-73882(1993) and 5-182177(1993)). 

HoWever, these non-magnetic undercoat layers have been 
strongly required to have further improved surface smooth 
ness. For this reason, it has been attempted to improve the 
dispersibility of acicular hematite particles used as non 
magnetic particles in the non-magnetic undercoat layer. 

In addition, the reduced thickness of the magnetic record 
ing layer causes deterioration in durability of the magnetic 
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2 
recording medium itself. Therefore, it has also been strongly 
required to enhance the durability of the magnetic recording 
medium. 

In order to enhance the durability of the magnetic record 
ing medium itself, abrasives, e.g., oxide particles such as 
alumina, are added to the magnetic layer or non-magnetic 
undercoat layer thereof. HoWever, the addition of these 
abrasives causes many problems. For instance, it is knoWn 
that alumina has a poor dispersibility in binder resins. 
Therefore, When a large amount of alumina is added to these 
layers, there arise defects such as increased dropouts and 
deteriorated surface smoothness of the obtained magnetic 
recording medium. In consequence, it has been demanded to 
provide a non-magnetic undercoat layer and non-magnetic 
particles used therefor Which are capable of imparting a 
suf?cient durability to the obtained magnetic recording 
medium even When the magnetic recording layer has a small 
thickness and the amount of abrasives added such as alu 
mina is reduced. 

Conventionally, in order to improve various properties of 
non-magnetic particles, there are knoWn non-magnetic par 
ticles having a surface coat composed of an Si compound or 
an Al compound (Japanese Patent Application Laid-Open 
(KOKAI) Nos. 5-182177(1993), 5-347017(1993), 6-60362 
(1994), 10-21532(1998), 10-320753(1993), etc.), or non 
magnetic particles on the surface of Which ?ne particles of 
an Al compound or an Si compound are adhered (Japanese 
Patent Application Laid-Open (KOKAI) No. 7-192248 
(1995), etc.). 
The non-magnetic particles having a surface coat com 

posed of an Si compound or an Al compound as described 
in Japanese Patent Application Laid-Open (KOKAI) Nos. 
5-182177(1993), 5-347017(1993), 6-60362(1994), 
10-21532(1998) and 10-320753(1993) exhibit an improved 
dispersibility. HoWever, When these non-magnetic particles 
are used for a non-magnetic undercoat layer, the obtained 
magnetic recording medium has an insuf?cient durability. 
Therefore, the use of these non-magnetic particles cannot 
reduce the content of abrasives in the magnetic recording 
medium. 

Also, in Japanese Patent Application Laid-Open 
(KOKAI) No. 7-192248(1995), there is described a method 
of precipitating ?ne particles of an oxide or hydroxide of Al 
or Si on the surface of each non-magnetic particle and then 
?xing the ?ne particles thereon by compaction and pulveri 
Zation treatments. HoWever, as shoWn in Comparative 
Examples hereinafter, a considerable amount of the ?ne 
particles are desorbed or fallen-off from the surface of each 
non-magnetic particle. Therefore, When the non-magnetic 
particles are used for a non-magnetic undercoat layer of a 
magnetic recording medium, the dispersibility thereof is 
unsatisfactory, so that the obtained magnetic recording 
medium cannot shoW a suf?cient durability. Accordingly, the 
use of such non-magnetic particles cannot reduce the content 
of abrasives in the magnetic recording medium. 
As a result of the present inventors’ earnest studies for 

solving the above problems, it has been found that by mixing 
non-magnetic particles having an average particle siZe of 
0.01 to 0.3 pm With inorganic ?ne particles having an 
average particle siZe of 0.001 to 0.07 pm; adhering the 
inorganic ?ne particles onto the surface of each non 
magnetic particle; adding tetraalkoxysilanes to the obtained 
particles; and then heating the resultant mixture at a tem 
perature of 40 to 200° C. to ?x or anchor the inorganic ?ne 
particles onto the surface of each magnetic particle through 
a silicon compound derived from the tetraalkoxysilanes, 
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the thus obtained non-magnetic composite particles are 
free from desorption or falling-off of the inorganic ?ne 
particles from the surface of each non-magnetic particle, and 
as a result, can shoW an excellent dispersibility and a high 
polishing effect. The present invention has been attained on 
the basis of this ?nding. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide non 
magnetic composite particles for a non-magnetic undercoat 
layer of a magnetic recording medium, Which can exhibit not 
only an excellent dispersibility but also an excellent polish 
ing effect by ?rmly ?xing or anchoring inorganic ?ne 
particles on the surface of each non-magnetic particle. 

It is another object of the present invention to provide a 
non-magnetic substrate for a high-density magnetic record 
ing medium Which is excellent in durability and surface 
smoothness. 

It is still another object of the present invention to provide 
a high-density magnetic recording medium exhibiting excel 
lent durability and surface smoothness. 

To accomplish the aims, in a ?rst aspect of the present 
invention, there are provided non-magnetic composite par 
ticles comprising: 

(a) non-magnetic particles as core particles having an 
average particle siZe of 0.01 to 0.3 pm; and 

(b) inorganic ?ne particles having an average particle siZe 
of 0.001 to 0.07 pm, Which are present on the surface 
of each non-magnetic particle, and comprise at least 
one inorganic compound selected from the group con 
sisting of oxides, nitrides, carbides and sul?des con 
taining aluminum element, Zirconium element, cerium 
element, titanium element, silicon element, boron ele 
ment or molybdenum element, 

the said inorganic ?ne particles being ?xed or anchored on 
the surface of each non-magnetic particle through a 
silicon compound derived from tetraalkoxysilanes and 
the amount of the inorganic ?ne particles being 0.1 to 
20% by Weight based on the Weight of the non 
magnetic particles. 

In a second aspect of the present invention, there are 
provided non-magnetic composite particles comprising: 

(a) non-magnetic particles as core particles having an 
average particle siZe of 0.01 to 0.3 yum; 

(a1) an undercoat formed on the surface of each non 
magnetic particle as core particle and comprising at 
least one compound selected from the group consisting 
of a hydroxide of aluminum, an oxide of aluminum, a 
hydroxide of silicon and an oxide of silicon; and 

(b) inorganic ?ne particles having an average particle siZe 
of 0.001 to 0.07 pm Which are present on the surface of 
the undercoat, and comprise at least one inorganic 
compound selected from the group consisting of 
oxides, nitrides, carbides and sul?des containing alu 
minum element, Zirconium element, cerium element, 
titanium element, silicon element, boron element or 
molybdenum element, 

the said inorganic ?ne particles being ?xed or anchored on 
the surface of each non-magnetic particle through a 
silicon compound derived from tetraalkoxysilanes and 
the amount of the inorganic ?ne particles being 0.1 to 
20% by Weight based on the Weight of the non 
magnetic particles. 

In a third aspect of the present invention, there is provided 
a non-magnetic substrate for magnetic recording medium, 
comprising: 
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4 
(1) a base ?lm; and 
(2) a non-magnetic undercoat layer formed on the base 

?lm, comprising a binder resin and non-magnetic com 
posite particles comprising: 
(a) non-magnetic particles as core particles having an 

average particle siZe of 0.01 to 0.3 pm; and 
(b) inorganic ?ne particles having an average particle 

siZe of 0.001 to 0.07 pm, Which are present on the 
surface of each non-magnetic particle, and comprise 
at least one inorganic compound selected from the 
group consisting of oxides, nitrides, carbides and 
sul?des containing aluminum element, Zirconium 
element, cerium element, titanium element, silicon 
element, boron element or molybdenum element, 

the said inorganic ?ne particles being ?xed or anchored 
on the surface of each non-magnetic particle through 
a silicon compound derived from tetraalkoxysilanes 
and the amount of the inorganic ?ne particles being 
0.1 to 20% by Weight based on the Weight of the 
non-magnetic particles. 

In a fourth aspect of the present invention, there is 
provided a non-magnetic substrate for magnetic recording 
medium, comprising: 

(1) a base ?lm; and 
(2) a non-magnetic undercoat layer formed on the base 

?lm, comprising a binder resin and non-magnetic com 
posite particles comprising: 
(a) non-magnetic particles as core particles having an 

average particle siZe of 0.01 to 0.3 pm; 
(a1) an undercoat formed on the surface of each non 

magnetic particle as core particle and comprising at 
least one compound selected from the group con 
sisting of a hydroxide of aluminum, an oxide of 
aluminum, a hydroxide of silicon and an oxide of 
silicon; and 

(b) inorganic ?ne particles having an average particle 
siZe of 0.001 to 0.07 pm, Which are present on the 
surface of the undercoat, and comprise at least one 
inorganic compound selected from the group con 
sisting of oxides, nitrides, carbides and sul?des con 
taining aluminum element, Zirconium element, 
cerium element, titanium element, silicon element, 
boron element or molybdenum element, 

the said inorganic ?ne particles being ?xed or anchored 
on the surface of each non-magnetic particle through 
a silicon compound derived from tetraalkoxysilanes 
and the amount of the inorganic ?ne particles being 
0.1 to 20% by Weight based on the Weight of the 
non-magnetic particles. 

In a ?fth aspect of the present invention, there is provided 
a magnetic recording medium comprising: 

(1) a non-magnetic base ?lm; 
(2) a non-magnetic undercoat layer formed on the base 

?lm, comprising a binder resin and non-magnetic com 
posite particles; and 

(3) a magnetic recording layer formed on the non 
magnetic undercoat layer, comprising magnetic par 
ticles and a binder resin, 

the said non-magnetic composite particles comprising: 
(a) non-magnetic particles as core particles having an 

average particle siZe of 0.01 to 0.3 pm; and 
(b) inorganic ?ne particles having an average particle 

siZe of 0.001 to 0.07 pm, Which are present on the 
surface of each non-magnetic particle, and comprise 
at least one inorganic compound selected from the 
group consisting of oxides, nitrides, carbides and 
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sul?des containing aluminum element, Zirconium 
element, cerium element, titanium element, silicon 
element, boron element or molybdenum element, 

the said inorganic ?ne particles being ?xed or anchored 
on the surface of each non-magnetic particle through 
a silicon compound derived from tetraalkoxysilanes 
and the amount of the inorganic ?ne particles being 
0.1 to 20% by Weight based on the Weight of the 
non-magnetic particles. 

In a sixth aspect of the present invention, there is provided 
a magnetic recording medium comprising: 

(1) a non-magnetic base ?lm; 
(2) a non-magnetic undercoat layer formed on the base 

?lm, comprising a binder resin and non-magnetic com 
posite particles; and 

(3) a magnetic recording layer formed on the non 
magnetic undercoat layer, comprising magnetic par 
ticles and a binder resin, 

the said non-magnetic composite particles comprising: 
(a) non-magnetic particles as core particles having an 

average particle siZe of 0.01 to 0.3 pm; 
(a1) an undercoat formed on the surface of each non 

magnetic particle as core particle and comprising at 
least one compound selected from the group con 
sisting of a hydroxide of aluminum, an oxide of 
aluminum, a hydroxide of silicon and an oxide of 
silicon; and 

(b) inorganic ?ne particles having an average particle 
siZe of 0.001 to 0.07 pm, Which are present on the 
surface of the undercoat, and comprise at least one 
inorganic compound selected from the group con 
sisting of oxides, nitrides, carbides and sul?des con 
taining aluminum element, Zirconium element, 
cerium element, titanium element, silicon element, 
boron element or molybdenum element, 

the said inorganic ?ne particles being ?xed or anchored 
on the surface of each non-magnetic particle through 
a silicon compound derived from tetraalkoxysilanes 
and the amount of the inorganic ?ne particles being 
0.1 to 20% by Weight based on the Weight of the 
non-magnetic particles. 

In a seventh aspect of the present invention, there is 
provided a process for producing the non-magnetic com 
posite particles as de?ned in the ?rst aspect, comprising: 

(i) mixing non-magnetic particles having an average 
particle siZe of 0.01 to 0.3 pm With inorganic ?ne 
particles having an average particle siZe of 0.001 to 
0.07 pm, and comprising at least one inorganic com 
pound selected from the group consisting of oxides, 
nitrides, carbides and sul?des containing aluminum 
element, Zirconium element, cerium element, titanium 
element, silicon element, boron element or molybde 
num element, to adhere the inorganic ?ne particles onto 
the surface of each non-magnetic particle; 

(ii) adding tetraalkoxysilanes to the resultant particles; 
and 

(iii) heating the obtained mixture at a temperature of 40 to 
200° C., thereby ?xing or anchoring the inorganic ?ne 
particles onto the surface of each non-magnetic particle 
through a silicon compound derived from the tet 
raalkoxysilanes. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The present invention Will be described in detail beloW. 
First, the non-magnetic composite particles according to 

the present invention are explained. 
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6 
The non-magnetic composite particles of the present 

invention, comprise magnetic particles as core particles 
having an average particle siZe of 0.01 to 0.3 pm; and 
inorganic ?ne particles adhered onto the surface of each 
magnetic particle, Which have an average particle siZe of 
0.001 to 0.07 pm, and comprise at least one inorganic 
compound selected from the group consisting of oxides, 
nitrides, carbides and sul?des containing aluminum element, 
Zirconium element, cerium element, titanium element, sili 
con element, boron element or molybdenum element. The 
inorganic ?ne particles are ?rmly ?xed or anchored onto the 
surface of each magnetic particle through a silicon com 
pound derived from tetraalkoxysilane. 
As the non-magnetic particles, acicular hematite particles, 

acicular iron oxide hydroxide particles and the like may be 
exempli?ed. 
The non-magnetic particles as core particles used in the 

present invention may have either an acicular shape. The 
“acicular” non-magnetic particles include “spindle-shaped” 
particles, “rice grain-shaped” particles and the like in addi 
tion to literally “needle-like” particles. 
The non-magnetic particles as core particles have an 

average major axial diameter of usually 0.01 to 0.3 pm, 
preferably 0.02 to 0.2 pm. 
When the average major axial diameter of the non 

magnetic particles as core particles is more than 0.3 pm, the 
obtained non-magnetic composite particles may become 
coarse. When such coarse particles are used to form a 
non-magnetic undercoat layer of magnetic recording 
medium, the obtained non-magnetic undercoat layer may be 
deteriorated in surface smoothness. When the average major 
axial diameter of the non-magnetic particles is less than 0.01 
pm, the non-magnetic particles may become extremely ?ne, 
so that the agglomeration of the non-magnetic particles 
tends to occur due to the increased intermolecular force 
therebetWeen. As a result, it is difficult to uniformly adhere 
the inorganic ?ne particles onto the surface of each non 
magnetic particle and evenly ?x or anchor the inorganic ?ne 
particles thereonto through the silicon compound derived 
(produced) from tetraalkoxysilane. 
The ratio of an average major axial diameter to an average 

minor axial diameter (hereinafter referred to merely as 
“aspect ratio”) of the acicular non-magnetic particles is 
usually 2:1 to 15:1, preferably 3:1 to 10:1. 
When the aspect ratio of the acicular non-magnetic par 

ticles is more than 15:1, the non-magnetic particles may tend 
to be entangled or intertWined With each other. As a result, 
it may be dif?cult to uniformly adhere the inorganic ?ne 
particles onto the surface of each non-magnetic particle and 
evenly ?x or anchor the inorganic ?ne particles thereonto 
through the silicon compound derived from tetraalkoxysi 
lane. When the aspect ratio of the acicular non-magnetic 
particles is less than 2:1, the obtained non-magnetic under 
coat layer may be deteriorated in strength. 
The non-magnetic particles as core particles used in the 

present invention have preferably a geometrical standard 
deviation of major axial diameter of usually not more than 
2.0, more preferably not more than 1.8, still more preferably 
not more than 1.6. When the geometrical standard deviation 
of particle siZe of the non-magnetic particles is more than 
2.0, coarse particles may exist in the non-magnetic particles, 
thereby inhibiting the non-magnetic particles from being 
uniformly dispersed. As a result, it may be dif?cult to 
uniformly adhere the inorganic ?ne particles onto the sur 
face of each non-magnetic particle and evenly ?x or anchor 
the inorganic ?ne particles thereonto through the silicon 
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compound derived from tetraalkoxysilane. The lower limit 
of the geometrical standard deviation is usually 1.01. It is 
dif?cult to industrially produce non-magnetic particles hav 
ing a geometrical standard deviation of particle siZe of less 
than 1.01. 

The non-magnetic particles as core particles used in the 
present invention have a BET speci?c surface area of usually 
15 to 150 m2/g, preferably 20 to 120 m2/g, more preferably 
25 to 100 m2/g. When the BET speci?c surface area value 
of the non-magnetic particles is less than 15 m2/g, the 
non-magnetic particles may become too coarse or the sin 
tering therebetWeen tends to be caused, resulting in the 
production of coarse non-magnetic composite particles. 
When such coarse non-magnetic composite particles are 
used to form a non-magnetic undercoat layer, the obtained 
coating layer may be deteriorated in surface smoothness. 
When the BET speci?c surface area value of the non 
magnetic particles is more than 150 m2/g, the non-magnetic 
particles may become extremely ?ne, so that the agglom 
eration of the particles tends to occur due to the increased 
intermolecular force therebetWeen. As a result, it is dif?cult 
to uniformly adhere the inorganic ?ne particles onto the 
surface of each non-magnetic particle and evenly ?x or 
anchor the inorganic ?ne particles thereon through the 
silicon compound derived from tetraalkoxysilane. 

The non-magnetic particles as core particles used in the 
present invention have a volume resistivity value of usually 
not more than 5.0><109 Q-cm. 

The shape and siZe of the non-magnetic composite par 
ticles according to the present invention varies depending 
upon those of the non-magnetic particles as core particles, 
and are analogous thereto. 

The non-magnetic composite particles according to the 
present invention have an average major axial diameter of 
usually 0.01 to 0.3 pm, preferably 0.02 to 0.2 pm. 
When the average major axial diameter of the non 

magnetic composite particles according to the present inven 
tion is more than 0.3 pm, the particle siZe become large, so 
that the non-magnetic undercoat layer formed by using the 
non-magnetic composite particles tends to have a deterio 
rated surface smoothness. When the average major axial 
diameter of the non-magnetic composite particles is less 
than 0.01 pm, the particles become extremely ?ne and tend 
to be agglomerated together due to the increased intermo 
lecular force therebetWeen, resulting in poor dispersibility in 
vehicle upon the production of a non-magnetic coating 
composition. 

The non-magnetic composite particles according to the 
present invention have an aspect ratio of usually 2:1 to 15:1, 
preferably 3:1 to 10:1. 
When the aspect ratio of the non-magnetic composite 

particles is more than 15:1, the particles may tend to be 
entangled and intertWined With each other, sometimes result 
ing in poor dispersibility in vehicle upon the production of 
a non-magnetic coating composition and increased viscosity 
of the obtained non-magnetic coating composition. When 
the aspect ratio of the non-magnetic composite particles is 
less than 2:1, the non-magnetic undercoat layer of the 
magnetic recording medium may be deteriorated in strength. 

The geometrical standard deviation of particle siZe of the 
non-magnetic composite particles according to the present 
invention is usually not more than 2.0. When the geometrical 
standard deviation is more than 2.0, a large amount of coarse 
particles may be present in the non-magnetic composite 
particles, thereby adversely affecting the surface smoothness 
of the non-magnetic undercoat layer formed on the non 
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magnetic base ?lm. In the consideration of the surface 
smoothness of the obtained non-magnetic undercoat layer, 
the geometrical standard deviation of particle siZe of the 
non-magnetic composite particles is preferably not more 
than 1.8, more preferably not more than 1.6. Further, in the 
consideration of industrial productivity, the loWer limit of 
the geometrical standard deviation is usually 1.01, because 
it is industrially dif?cult to produce non-magnetic composite 
particles having a geometrical standard deviation of particle 
siZe of less than 1.01. 

The non-magnetic composite particles according to the 
present invention have a BET speci?c surface area of usually 
16 to 160 m2/g, preferably 21 to 130 m2/g, more preferably 
26 to 110 m2/g. When the BET speci?c surface area of the 
non-magnetic composite particles is less than 16 m2/g, the 
non-magnetic composite particles may become coarse or the 
sintering therebetWeen tends to be caused. The use of such 
coarse or sintered non-magnetic composite particles leads to 
deterioration in surface smoothness of the obtained non 
magnetic undercoat layer. When the BET speci?c surface 
area of the non-magnetic composite particles is more than 
160 m2/g, the non-magnetic composite particles may 
become extremely ?ne and tend to be agglomerated together 
due to the increased intermolecular force therebetWeen, 
resulting in poor dispersibility in vehicle upon the produc 
tion of a non-magnetic coating composition. 
The non-magnetic composite particles according to the 

present invention have a volume resistivity value of usually 
not more than 1.0><101O Q-cm, preferably 1.0><105 to 9.0><109 
Q-cm, more preferably 1.0><105 to 8.0><109 Qcm. When the 
volume resistivity value is more than 1.0><101O Q-cm, it may 
be dif?cult to loWer a surface resistivity value of the mag 
netic recording medium obtained therefrom. 
The percentage of the inorganic ?ne particles desorbed or 

fallen-off from the non-magnetic composite particles 
(desorption percentage) is usually not more than 15% by 
Weight, preferably not more than 12% by Weight, more 
preferably not more than 10% by Weight based on the Weight 
of the inorganic ?ne particles, When measured by the method 
as de?ned in Examples beloW. When the desorption per 
centage is more than 15% by Weight, the inorganic ?ne 
particles desorbed may tend to inhibit the non-magnetic 
composite particles from being uniformly dispersed in 
vehicle, and the obtained magnetic recording medium may 
fail to shoW a suf?cient durability and magnetic head clean 
ing property. 
The inorganic ?ne particles of the non-magnetic compos 

ite particles are at least one kind of ?ne particles composed 
of at least one inorganic compound selected from the group 
consisting of oxides, nitrides, carbides and sul?des of 
aluminum, Zirconium, cerium, titanium, silicon, boron or 
molybdenum. 
As the inorganic ?ne particles used in the present 

invention, there may be exempli?ed (a) oxide ?ne particles 
such as aluminum oxide ?ne particles, Zirconium oxide ?ne 
particles, cerium oxide ?ne particles, titanium oxide ?ne 
particles, silicon oxide ?ne particles, molybdenum oxide 
?ne particles or the like; (b) nitride ?ne particles such as 
aluminum nitride ?ne particles, titanium nitride ?ne 
particles, silicon nitride ?ne particles, Zirconium nitride ?ne 
particles, molybdenum nitride ?ne particles, boron nitride 
?ne particles or the like; (c) carbide ?ne particles such as 
aluminum carbide ?ne particles, silicon carbide ?ne 
particles, Zirconium carbide ?ne particles, cerium carbide 
?ne particles, titanium carbide ?ne particles, boron carbide 
?ne particles, molybdenum carbide ?ne particles or the like; 
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and (d) sul?de ?ne particles such as aluminum sul?de ?ne 
particles, Zirconium sul?de ?ne particles, titanium sul?de 
?ne particles, silicon sul?de ?ne particles, molybdenum 
disul?de ?ne particles or the like. 

In the consideration of the durability of the obtained 
magnetic recording medium, it is preferred to use at least 
one ?ne particles selected from aluminum oxide ?ne 
particles, Zirconium oxide ?ne particles, cerium oxide ?ne 
particles, aluminum nitride ?ne particles, titanium nitride 
?ne particles, silicon nitride ?ne particles, Zirconium nitride 
?ne particles, boron nitride ?ne particles, silicon carbide ?ne 
particles, Zirconium carbide ?ne particles, titanium carbide 
?ne particles, boron carbide ?ne particles, molybdenum 
carbide ?ne particles. 

The inorganic ?ne particles used in the present invention 
have an average particle siZe of usually 0.001 to 0.07 pm, 
preferably 0.002 to 0.05 pm. 
When the average particle siZe of the inorganic ?ne 

particles is less than 0.001 pm, the particles become 
extremely ?ne, resulting in poor handling thereof. When the 
average particle siZe of the inorganic ?ne particles is more 
than 0.07 pm, the particle siZe of the inorganic ?ne particles 
is too large as compared to that of the non-magnetic particles 
as core particles, so that the adhesion of the inorganic ?ne 
particles onto the non-magnetic particles becomes insuf? 
cient. 

The amount of the inorganic ?ne particles adhered onto 
the non-magnetic particles is usually 0.1 to 20% by Weight 
based on the Weight of the non-magnetic particles as core 
particles. 
When the amount of the inorganic ?ne particles adhered 

is less than 0.1% by Weight, it is dif?cult to obtain non 
magnetic composite particles showing a sufficient polishing 
effect, due to the too small amount of the inorganic ?ne 
particles adhered. On the contrary, When the amount of the 
inorganic ?ne particles adhered is more than 20% by Weight, 
the obtained non-magnetic composite particles shoW a suf 
?cient polishing effect. HoWever, since the amount of the 
inorganic ?ne particles adhered is too large, the inorganic 
?ne particles tend to be desorbed or fallen-off from the 
surface of each non-magnetic particle, thereby failing to 
obtain non-magnetic undercoat layer having an excellent 
durability. The amount of the inorganic ?ne particles 
adhered onto the non-magnetic particles is preferably 0.15 to 
15% by Weight, more preferably 0.2 to 10% by Weight based 
on the Weight of the non-magnetic particles as core particles. 

The silicon compound through Which the inorganic ?ne 
particles are ?xed or anchored onto the surface of each 
non-magnetic particle is produced by heat-treating tet 
raalkoxysilanes represented by the folloWing general for 
mula: 

SiX4 

Wherein X represents —OR Wherein R is C1—C5 alkyl group. 
Examples of the tetraalkoxysilanes may include 

tetramethoxysilane, tetraethoxysilane, tetrapropoxysilane, 
tetrabutoxysilane, tetrapentyloxysilane or the like. Among 
these tetraalkoxysilanes, in the consideration of the anchor 
ing effect of the inorganic ?ne particles, tetramethoxysilane 
and tetraethoxysilane are preferred. 

The coating amount of the silicon compound produced 
from tetraalkoxysilane is usually 0.01 to 5.0% by Weight, 
preferably 0.02 to 4.0% by Weight, more preferably 0.03 to 
3.0% by Weight (calculated as Si) based on the Weight of the 
non-magnetic composite particles. 
When the coating amount of the silicon compound is less 

than 0.01% by Weight, the inorganic ?ne particles may not 
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10 
be sufficiently ?xed or anchored onto the surface of each 
non-magnetic particle through the silicon compound derived 
therefrom and, therefore, tend to be desorbed therefrom, 
thereby failing to obtain magnetic recording media having 
an excellent durability and magnetic head cleaning property. 
When the coating amount of the silicon compound 

derived from the tetraalkoxysilane is 0.01 to 5.0% by 
Weight, the inorganic ?ne particles can be suf?ciently ?xed 
or anchored onto the surface of each non-magnetic particle. 
Therefore, it is meaningless to use the silicon compound in 
an amount of more than 5 .0% by Weight. 

In the non-magnetic composite particles according to the 
present invention, the non-magnetic particles as core par 
ticles may be preliminarily coated With an undercoating 
material composed of at least one compound selected from 
the group consisting of a hydroxide of aluminum, an oxide 
of aluminum, a hydroxide of silicon and an oxide of silicon 
(hereinafter referred to as “hydroxides and/or oxides of 
aluminum and/or silicon”). The formation of such an under 
coat is more advantageous to enhance the dispersibility of 
the non-magnetic composite particles in vehicle as com 
pared to those having no undercoat. 

The amount of the undercoat is preferably 0.01 to 20% by 
Weight (calculated as Al, SiO2 or a sum of Al and SiO2) 
based on the Weight of the non-magnetic particles coated 
With the undercoat. 
When the covering amount of the undercoat is less than 

0.01% by Weight, it may be dif?cult to obtain the effect of 
improving the desorption percentage of inorganic ?ne par 
ticles. When the covering amount of the undercoat is 0.01 to 
20% by Weight, a sufficient effect of improving the desorp 
tion percentage of inorganic ?ne particles can be obtained. 
Therefore, it is meaningless to use each non-magnetic par 
ticle With the undercoat in an amount of more than 20% by 
Weight. 

The non-magnetic composite particles having the under 
coat may have the substantially same particle siZe, geometri 
cal standard deviation value, volume resistivity value and 
BET speci?c surface area value as those having no under 
coat. By covering each non-magnetic particle With the 
undercoat, the desorption percentage of the inorganic ?ne 
particles can be effectively reduced to preferably not more 
than 12%, more preferably not more than 10%. 

Next, the magnetic recording medium according to the 
present invention Will be described. 

The magnetic recording medium according to the present 
invention comprises: 

a non-magnetic substrate comprising a non-magnetic base 
?lm, and a non-magnetic undercoat layer formed on the 
non-magnetic base ?lm, comprising a binder resin and the 
non-magnetic composite particles; and 

a magnetic coating ?lm formed on the non-magnetic 
substrate, comprising a binder resin and magnetic particles. 
As the non-magnetic base ?lm, there may be used those 

ordinarily used for magnetic recording media. Examples of 
the non-magnetic base ?lm may include ?lms of synthetic 
resins such as polyethylene terephthalate, polyethylene, 
polypropylene, polycarbonates, polyethylene naphthalate, 
polyamides, polyamideimides and polyimides; foils or 
plates of metals such as aluminum and stainless steel; or 
various kinds of papers. The thickness of the non-magnetic 
base ?lm varies depending upon materials used, and is 
usually 1.0 to 300 pm, preferably 2.0 to 200 pm. 
As the non-magnetic base ?lm for magnetic discs, there 

may be generally used a polyethylene terephthalate ?lm 
having a thickness of usually 50 to 300 pm, preferably 60 to 
200 pm. As the non-magnetic base ?lm for magnetic tapes, 
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there may be used a polyethylene terephthalate ?lm having 
a thickness of usually 3 to 100 pm, preferably 4 to 20 pm, 
a polyethylene naphthalate ?lm having a thickness of usu 
ally 3 to 50 pm, preferably 4 to 20 pm, or a polyamide ?lm 
having a thickness of usually 2 to 10 pm, preferably 3 to 7 
pm. 
As the binder resins for the non-magnetic undercoat layer, 

there may also be used those presently ordinarily used for 
the production of magnetic recording media. Examples of 
the binder resins may include vinyl chloride-vinyl acetate 
copolymer resins, urethane resins, vinyl chloride-vinyl 
acetate-maleic acid copolymer resins, urethane elastomers, 
butadiene-acrylonitrile copolymer resins, polyvinyl butyral, 
cellulose derivatives such as nitrocellulose, polyester resins, 
synthetic rubber-based resins such as polybutadiene, epoxy 
resins, polyamide resins, polyisocyanates, electron beam 
curable acrylic urethane resins, or mixtures thereof. 

The respective binder resins may contain a functional 
group such as —OH, —COOH, —SO3M, —OPO2M2 and 
—NH2 Wherein M represents H, Na or K. In the consider 
ation of the dispersibility of the non-magnetic composite 
particles in vehicle upon the production of a non-magnetic 
coating composition, the use of such binder resins contain 
ing —COOH or —SO3M as a functional group is preferred. 

The amount of the non-magnetic composite particles in 
the non-magnetic undercoat layer is usually 5 to 2,000 parts 
by Weight, preferably 100 to 1,000 parts by Weight based on 
100 parts by Weight of the binder resin. 
When the amount of the non-magnetic composite par 

ticles is less than 5 parts by Weight, the non-magnetic 
composite particles may not be continuously dispersed in a 
coating layer due to the too small content in a non-magnetic 
coating composition, resulting in insuf?cient surface 
smoothness and strength of the obtained coating layer. When 
the amount of the non-magnetic composite particles is more 
than 2,000 parts by Weight, the non-magnetic composite 
particles may not be uniformly dispersed in the non 
magnetic coating composition due to the too large content as 
compared to that of the binder resin. As a result, When such 
a non-magnetic coating composition is coated onto the 
non-magnetic base ?lm, it is difficult to obtain a coating ?lm 
having a sufficient surface smoothness. Further, since the 
non-magnetic composite particles cannot be suf?ciently 
bonded together by the binder resin, the obtained coating 
?lm becomes brittle. 

The thickness of the non-magnetic undercoat layer 
formed on the non-magnetic base ?lm is usually 0.2 to 10 
pm. When the thickness of the non-magnetic undercoat layer 
is less than 0.2 pm, it may become dif?cult to improve the 
surface roughness of the non-magnetic base ?lm, and the 
non-magnetic undercoat layer may tend to have a deterio 
rated strength. In the consideration of strength of the under 
coat layer and reduction in thickness of the resultant mag 
netic recording medium, the thickness of the non-magnetic 
undercoat layer is preferably 0.5 to 5 pm. 

The non-magnetic recording layer may further contain 
various additives used in ordinary magnetic recording media 
such as lubricants, abrasives and anti-static agents. 

In case of using the non-magnetic composite particles, in 
Which no hydroxides and/or oxides of aluminum and/or 
silicon coat is formed on the surface of the non-magnetic 
particles as core particles, the non-magnetic substrate 
according to the present invention has a gloss (of the coating 
?lm) of usually 176 to 300%, preferably 180 to 300%, more 
preferably 184 to 300%; a surface roughness Ra (of the 
coating ?lm) of usually 0.5 to 8.5 nm, preferably 0.5 to 8.0 
nm; a Young’s modulus (relative value to a commercially 
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available video tape: and AV T-120 produced by Victor 
Company of Japan, Limited) of usually 124 to 160, prefer 
ably 126 to 160; and a surface resistivity of usually 1.0><105 
to 1.0><1013 Q/cm2, preferably 1.0><105 to 7.5><1012 Q/cm2, 
more preferably 1.0><105 to 5.0><1012 Q/cm2. 

In case of using the non-magnetic composite particles, in 
Which the hydroxides and/or oxides of aluminum and/or 
silicon coat is formed on the surface of the non-magnetic 
particles as core particles, the non-magnetic substrate 
according to the present invention has a gloss (of the coating 
?lm) of usually 180 to 300%, preferably 184 to 300%, more 
preferably 188 to 300%; a surface roughness Ra (of the 
coating ?lm) of usually 0.5 to 8.0 nm, preferably 0.5 to 7.5 
nm; a Young’s modulus (relative value to a commercially 
available video tape: and AV T-120 produced by Victor 
Company of Japan, Limited) of usually 126 to 160, prefer 
ably 128 to 160; and a surface resistivity of usually 1.0><105 
to 1.0><1013 Q/cm2, preferably 1.0><105 to 7.5><1012 Q/cm2, 
more preferably 1.0><105 to 5.0><1012 Q/cm2. 
As the magnetic particles, there may be used Co-coated 

magnetic iron oxide particles obtained by coating Co or C0 
and Fe on magnetic iron oxide particles such as maghemite 
particles (y-Fe2O3) or magnetite particles (FeOx.Fe2O3: 
0<x§ 1); Co-coated magnetic iron oxide particles obtained 
by incorporating at least one selected from elements other 
than Fe such as Co, Al, Ni, P, Zn, Si, B and rare earth metals 
in the above Co-coated magnetic iron oxide particles; acicu 
lar magnetic metal particles containing iron as a main 
component; acicular magnetic iron alloy particles containing 
at least one selected from elements other than Fe such as Co, 
Al, Ni, P, Zn, Si, B and rare earth metals; plate-like 
magnetoplumbite-type ferrite particles containing Ba, Sr or 
Ba—Sr; or plate-like magnetoplumbite-type ferrite particles 
obtained by incorporating at least one coercive force 
reducing agent selected from the group consisting of diva 
lent and tetravalent metals such as Co, Ni, Zn, Mn, Mg, Ti, 
Sn, Zr, Nb, Cu and M0 in the above plate-like 
magnetoplumbite-type ferrite particles. 

In the consideration of the recent tendency toWard high 
density recording on magnetic recording media, as the 
magnetic particles, there may be suitably used the acicular 
magnetic metal particles containing iron as a main compo 
nent and the acicular magnetic iron alloy particles contain 
ing at least one selected from elements other than Fe such as 
Co, Al, Ni, P, Zn, Si, B and rare earth metals. 
More speci?cally, the magnetic acicular metal particles 

containing iron as a main component and acicular magnetic 
iron alloy particles containing elements other than Fe such 
as Co, Al, Ni, P, Zn, Si, B and rare earth metals may be 
exempli?ed as folloWs. 

1) Magnetic acicular metal particles comprises iron; and 
cobalt of usually 0.05 to 40% by Weight, preferably 1.0 
to 35% by Weight, more preferably 3 to 30% by Weight 
(calculated as Co) based on the Weight of the magnetic 
acicular metal particles. 

2) Magnetic acicular metal particles comprises iron; and 
aluminum of usually 0.05 to 10% by Weight, preferably 
0.1 to 7% by Weight (calculated as Al) based on the 
Weight of the magnetic acicular metal particles. 

3) Magnetic acicular metal particles comprises iron; 
cobalt of usually 0.05 to 40% by Weight, preferably 1.0 
to 35% by Weight, more preferably 3 to 30% by Weight 
(calculated as Co) based on the Weight of the magnetic 
acicular metal particles; and aluminum of usually 0.05 
to 10% by Weight, preferably 0.1 to 7% by Weight 
(calculated as Al) based on the Weight of the magnetic 
acicular metal particles. 
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4) Magnetic acicular metal particles comprises iron; 
cobalt of usually 0.05 to 40% by Weight, preferably 1.0 
to 35% by Weight, more preferably 3 to 30% by Weight 
(calculated as Co) based on the Weight of the magnetic 
acicular metal particles; and at least one selected from 
the group consisting of Nd, La and Y of usually 0.05 to 
10% by Weight, preferably 0.1 to 7% by Weight 
(calculated as the corresponding element) based on the 
Weight of the magnetic acicular metal particles. 

5) Magnetic acicular metal particles comprises iron; alu 
minum of usually 0.05 to 10% by Weight, preferably 
0.1 to 7% by Weight (calculated as Al) based on the 
Weight of the magnetic acicular metal particles; and at 
least one selected from the group consisting of Nd, La 
and Y of usually 0.05 to 10% by Weight, preferably 0.1 
to 7% by Weight (calculated as the corresponding 
element) based on the Weight of the magnetic acicular 
metal particles. 

6) Magnetic acicular metal particles comprises iron; 
cobalt of usually 0.05 to 40% by Weight, preferably 1.0 
to 35% by Weight, more preferably 3 to 30% by Weight 
(calculated as Co) based on the Weight of the magnetic 
acicular metal particles; aluminum of usually 0.05 to 
10% by Weight, preferably 0.1 to 7% by Weight 
(calculated as Al) based on the Weight of the magnetic 
acicular metal particles; and at least one selected from 
the group consisting of Nd, La and Y of usually 0.05 to 
10% by Weight, preferably 0.1 to 7% by Weight 
(calculated as the corresponding element) based on the 
Weight of the magnetic acicular metal particles. 

7) Magnetic acicular metal particles comprises iron; 
cobalt of usually 0.05 to 40% by Weight, preferably 1.0 
to 35% by Weight, more preferably 3 to 30% by Weight 
(calculated as Co) based on the Weight of the magnetic 
acicular metal particles; and at least one selected from 
the group consisting of Ni, P, Si, Zn, Ti, Cu and B of 
usually 0.05 to 10% by Weight, preferably 0.1 to 7% by 
Weight (calculated as the corresponding element) based 
on the Weight of the magnetic acicular metal particles. 

8) Magnetic acicular metal particles comprises iron; alu 
minum of usually 0.05 to 10% by Weight, preferably 
0.1 to 7% by Weight (calculated as Al) based on the 
Weight of the magnetic acicular metal particles; and at 
least one selected from the group consisting of Ni, P, Si, 
Zn, Ti, Cu and B of usually 0.05 to 10% by Weight, 
preferably 0.1 to 7% by Weight (calculated as the 
corresponding element) based on the Weight of the 
magnetic acicular metal particles. 

9) Magnetic acicular metal particles comprises iron; 
cobalt of usually 0.05 to 40% by Weight, preferably 1.0 
to 35% by Weight, more preferably 3 to 30% by Weight 
(calculated as Co) based on the Weight of the magnetic 
acicular metal particles; aluminum of usually 0.05 to 
10% by Weight, preferably 0.1 to 7% by Weight 
(calculated as Al) based on the Weight of the magnetic 
acicular metal particles; and at least one selected from 
the group consisting of Ni, P, Si, Zn, Ti, Cu and B of 
usually 0.05 to 10% by Weight, preferably 0.1 to 7% by 
Weight (calculated as the corresponding element) based 
on the Weight of the magnetic acicular metal particles. 

10) Magnetic acicular metal particles comprises iron; 
cobalt of usually 0.05 to 40% by Weight, preferably 1.0 
to 35% by Weight, more preferably 3 to 30% by Weight 
(calculated as Co) based on the Weight of the magnetic 
acicular metal particles; at least one selected from the 
group consisting of Nd, La and Y of usually 0.05 to 
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14 
10% by Weight, preferably 0.1 to 7% by Weight 
(calculated as the corresponding element) based on the 
Weight of the magnetic acicular metal particles; and at 
least one selected from the group consisting of Ni, P, Si, 
Zn, Ti, Cu and B of usually 0.05 to 10% by Weight, 
preferably 0.1 to 7% by Weight (calculated as the 
corresponding element) based on the Weight of the 
magnetic acicular metal particles. 

11) Magnetic acicular metal particles comprises iron; 
aluminum of usually 0.05 to 10% by Weight, preferably 
0.1 to 7% by Weight (calculated as Al) based on the 
Weight of the magnetic acicular metal particles; at least 
one selected from the group consisting of Nd, La and 
Y of ordinarily 0.05 to 10% by Weight, preferably 0.1 
to 7% by Weight (calculated as the corresponding 
element) based on the Weight of the magnetic acicular 
metal particles; and at least one selected from the group 
consisting of Ni, P, Si, Zn, Ti, Cu and B of usually 0.05 
to 10% by Weight, preferably 0.1 to 7% by Weight 
(calculated as the corresponding element) based on the 
Weight of the magnetic acicular metal particles. 

12) Magnetic acicular metal particles comprises iron; 
cobalt of usually 0.05 to 40% by Weight, preferably 1.0 
to 35% by Weight, more preferably 3 to 30% by Weight 
(calculated as Co) based on the Weight of the magnetic 
acicular metal particles; aluminum of usually 0.05 to 
10% by Weight, preferably 0.1 to 7% by Weight 
(calculated as Al) based on the Weight of the magnetic 
acicular metal particles; at least one selected from the 
group consisting of Nd, La and Y of usually 0.05 to 
10% by Weight, preferably 0.1 to 7% by Weight 
(calculated as the corresponding element) based on the 
Weight of the magnetic acicular metal particles; and at 
least one selected from the group consisting of Ni, P, Si, 
Zn, Ti, Cu and B of usually 0.05 to 10% by Weight, 
preferably 0.1 to 7% by Weight (calculated as the 
corresponding element) based on the Weight of the 
magnetic acicular metal particles. 

The iron content in the particles is the balance, and is 
preferably 50 to 99% by Weight, more preferably 60 to 95% 
by Weight (calculated as Fe) based on the Weight of the 
magnetic acicular metal particles containing iron as a main 
component. 
The magnetic particles used in the present invention have 

an average major aXis diameter of usually 0.01 to 0.50 pm, 
preferably 0.03 to 0.30 pm, an average minor aXis diameter 
of usually 0.0007 to 0.17 pm, preferably 0.003 to 0.10 pm. 
It is preferred that the shape of the magnetic particles is 
acicular or plate-like. The acicular shape may include not 
only needle-shape but also spindle-shape, rice ball-shape, or 
the like. 

In the case that the shape of the magnetic particles is 
acicular, the magnetic particles have an aspect ratio of 
usually not less than 3:1, preferably and not less than 5:1. 
The upper limit of the aspect ratio is usually 15:1, preferably 
10:1 With the consideration of the dispersibility in the 
vehicle. 

In the case that the shape of the magnetic particles is 
plate-like, the magnetic particles have a plate ratio (an 
average particle siZe/average plate thickness) of usually not 
less than 2:1, preferably and not less than 3:1. The upper 
limit of the plate ratio is usually 20:1, preferably 15:1 With 
the consideration of the dispersibility in the vehicle. 
As to the magnetic properties of the magnetic particles 

used in the present invention, the coercive force is usually 
500 to 4000 Oe (39.8 to 318.3 kA/m), preferably 550 to 4000 
Oe (43.8 to 318.3 kA/m), and the saturation magnetiZation 
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is usually 50 to 170 emu/g (50 to 170 AmZ/kg), preferably 
60 to 170 emu/g (60 to 170 Am2/kg). 

With the consideration of the high-density recording of 
the magnetic recording medium, as to the magnetic proper 
ties of the magnetic metal particles containing iron as a main 
component and the acicular magnetic iron alloy particles 
used as magnetic particles, the coercive force is usually 800 
to 3500 Oe (63.7 to 278.5 kA/m), preferably 900 to 3500 Oe 
(71.6 to 278.5 kA/m), and the saturation magnetiZation is 
usually 90 to 170 emu/g (90 to 170 AmZ/kg), preferably 100 
to 170 emu/g (100 to 170 AmZ/kg). 
As the binder resin for the magnetic recording layer, the 

same binder resin as that used for the production of the 
non-magnetic undercoat layer is usable. 

The thickness of the magnetic recording layer formed on 
the surface of the non-magnetic undercoat layer is usually in 
the range of 0.01 to 5.0 pm. When the thickness is less than 
0.01 pm, uniform coating may be dif?cult, so that unfavor 
able phenomenon such as un-uniformity on the coating 
surface is observed. On the other hand, When the thickness 
exceeds 5.0 pm, it may be dif?cult to obtain desired elec 
tromagnetic performance due to an in?uence of diamagne 
tism. The preferable thickness is in the range of 0.05 to 1.0 
pm. 

The mixing ratio of the magnetic particles With the binder 
resin in the magnetic recording layer is usually 200 to 2000 
parts by Weight, preferably 300 to 1500 parts by Weight 
based on 100 parts by Weight of the binder resin. 

It is possible to add a lubricant, a polishing agent, an 
antistatic agent, etc. Which are generally used for the pro 
duction of a magnetic recording medium to the magnetic 
recording layer in an amount of 0.1 to 50 parts by Weight 
based on 100 parts by Weight of the binder resin. 

The magnetic recording medium of the present invention 
has a coercive force value of usually 500 to 4,000 Oe (39.8 
to 318.3 kA/m), a squareness (residual magnetic ?ux density 
Br/saturation magnetic ?ux density Bm) of usually 0.85 to 
0.95; a gloss of coating ?lm of usually 170 to 300%; a 
surface roughness Ra of coating ?lm of usually not more 
than 11.5 nm; a Young’s modulus of usually 126 to 160; a 
surface resistivity value of usually not more than 1.0><101O 
Q/cm2; a running durability of usually not less than 22 
minutes; and a scratch resistance of usually A or B, When 
evaluated into four ranks: A (No scratch), B (A feW 
scratches), C (Many scratches) and D (A great many 
scratches). 
When the magnetic recording medium is produced by 

using the non-magnetic composite particles in Which no 
hydroxides and/or oxides of aluminum and/or silicon coat is 
formed on the surface of the non-magnetic particles as core 
particles, the coercive force value thereof is usually 500 to 
4,000 Oe (39.8 to 318.3 kA/m), preferably 550 to 4,000 Oe 
(43.8 to 318.3 kA/m); the squareness (residual magnetic ?ux 
density Br/saturation magnetic ?ux density Bm) thereof is 
usually 0.85 to 0.95, preferably 0.86 to 0.95; the gloss of 
coating ?lm thereof is usually 170 to 300%, preferably 175 
to 300%; the surface roughness Ra of coating ?lm thereof is 
usually not more than 11.5 nm, preferably 2.0 to 11.0 nm, 
more preferably 2.0 to 10.5 nm; the Young’s modulus 
thereof is usually 126 to 160, preferably 128 to 160; the 
surface resistivity value thereof is usually not more than 
1.0><101O Q/cm2, preferably not more than 9.0><109 Q/cm2, 
more preferably not more than 8.0><109 Q/cm2; the running 
durability thereof is usually not less than 22 minutes, pref 
erably not less than 24 minutes; and the scratch resistance 
thereof is usually Aor B, preferablyAWhen evaluated by the 
four-rank evaluation method as described beloW. 
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When the magnetic recording medium is produced by 

using the non-magnetic composite particles in Which the 
hydroxides and/or oxides of aluminum and/or silicon coat is 
formed on the surface of the non-magnetic particles as core 
particles, the coercive force value thereof is usually 500 to 
4,000 Oe (39.8 to 318.3 kA/m), preferably 550 to 4,000 Oe 
(43.8 to 318.3 kA/m); the squareness (residual magnetic ?ux 
density Br/saturation magnetic ?ux density Bm) thereof is 
usually 0.85 to 0.95, preferably 0.86 to 0.95; the gloss of 
coating ?lm thereof is usually 175 to 300%, preferably 180 
to 300%; the surface roughness Ra of coating ?lm thereof is 
usually not more than 11.0 nm, preferably 2.0 to 10.5 nm, 
more preferably 2.0 to 10.0 nm; the Young’s modulus 
thereof is usually 128 to 160, preferably 130 to 160; the 
surface resistivity value thereof is usually not more than 
1.0><101O Q/cm2, preferably not more than 9.0><109 Q/cm2, 
more preferably not more than 8.0><109 Q/cm2; the running 
durability thereof is usually not less than 23 minutes, pref 
erably not less than 25 minutes; and the scratch resistance 
thereof is usually Aor B, preferablyAWhen evaluated by the 
four-rank evaluation method as described beloW. 

Under the consideration of high-density recording, the 
magnetic recording medium produced by using the magnetic 
metal particles containing iron as a main component or the 
acicular magnetic iron alloy particles as the magnetic 
particles, and the non-magnetic composite particles in Which 
no hydroxides and/or oxides of aluminum and/or silicon coat 
is formed on the surface of the non-magnetic particles as 
core particles, has a coercive force value of usually 800 to 
3,500 Oe (63.7 to 278.5 kA/m), preferably 900 to 3,500 Oe 
(71.6 to 278.5 kA/m), a squareness (residual magnetic ?ux 
density Br/saturation magnetic ?ux density Bm) of usually 
0.87 to 0.95, preferably 0.88 to 0.95; a gloss of coating ?lm 
of usually 195 to 300%, preferably 200 to 300%; a surface 
roughness Ra of coating ?lm of usually not more than 9.0 
nm, preferably 2.0 to 8.5 nm, more preferably 2.0 to 8.0 nm; 
a Young’s modulus of usually 128 to 160, preferably 130 to 
160; a surface resistivity value of usually not more than 
1.0><101O Q/cm2, preferably not more than 9.0><109 Q/cm2, 
more preferably not more than 8.0><109 Q/cm2; a running 
durability of usually not less than 24 minutes, preferably not 
less than 26 minutes; and a scratch resistance of B or A, 
preferably A When evaluated by the four-rank evaluation 
method as described beloW. 
The magnetic recording medium produced by using the 

magnetic metal particles containing iron as a main compo 
nent or the acicular magnetic iron alloy particles as the 
magnetic particles, and the non-magnetic composite par 
ticles in Which the hydroxides and/or oxides of aluminum 
and/or silicon coat is formed on the surface of the non 
magnetic particles as core particles, has a coercive force 
value of usually 800 to 3,500 Oe (63.7 to 278.5 kA/m), 
preferably 900 to 3,500 Oe (71.6 to 278.5 kA/m), a square 
ness (residual magnetic ?ux density Br/saturation magnetic 
?ux density Bm) of usually 0.87 to 0.95, preferably 0.88 to 
0.95; a gloss of coating ?lm of usually 200 to 300%, 
preferably 205 to 300%; a surface roughness Ra of coating 
?lm of usually not more than 8.5 nm, preferably 2.0 to 8.0 
nm, more preferably 2.0 to 7.5 nm; a Young’s modulus of 
usually 130 to 160, preferably 132 to 160; a surface resis 
tivity value of usually not more than 1.0><101O Q/cm2, 
preferably not more than 9.0><109 Q/cm2, more preferably 
not more than 8.0><109 Q/cm2; a running durability of 
usually not less than 25 minutes, preferably not less than 27 
minutes; and a scratch resistance of B or A, preferably A 
When evaluated by the four-rank evaluation method as 
described beloW. 
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Next, the process for producing the non-magnetic com 
posite particles of the present invention Will noW be 
described. 

The non-magnetic composite particles according to the 
present invention can be produced by adhering the inorganic 
?ne particles onto the surface of each non-magnetic particle 
as a core particle, adding tetraalkoxysilane to the non 
magnetic particles on Which the inorganic ?ne particles are 
adhered, and then heat-treating the resultant mixture. 

The inorganic ?ne particles may be adhered onto the 
surface of each non-magnetic particle as a core particle by 
the folloWing method. That is, the non-magnetic particles 
may be mechanically mixed and stirred With the inorganic 
?ne particles composed of at least one inorganic compound 
selected from the group consisting of oxides, nitrides, car 
bides and sul?des of aluminum, Zirconium, cerium, 
titanium, silicon, boron or molybdenum, or With an aqueous 
or alcoholic colloid solution containing the inorganic ?ne 
particles, and then the resultant mixture is dried. In the 
consideration of uniform adhesion of the inorganic ?ne 
particles onto the surface of each non-magnetic particle as a 
core particle, the mixing and stirring With the colloid solu 
tion containing the inorganic ?ne particles are preferred. 
As the inorganic ?ne particles, there may be used either 

synthesiZed products or commercially available products. 
As the colloid solution containing the inorganic ?ne 

particles, there may be exempli?ed a colloid solution con 
taining ?ne particles composed of at least one inorganic 
compound selected from the group consisting of oxides, 
nitrides, carbides and sul?des of aluminum, Zirconium, 
cerium, titanium, silicon, boron or molybdenum. For 
example, there may be exempli?ed a colloid solution con 
taining aluminum oxide, Zirconium oxide, cerium dioxide, 
titanium dioxide, silicon dioxide, aluminum nitride, silicon 
carbide and molybdenum disul?de. 
As the colloid solution containing aluminum oxide ?ne 

particles, there may be used an alumina sol (produced by 
Nissan Kagaku Kogyo Co., Ltd.) or the like. 
As the colloid solution containing Zirconium oxide ?ne 

particles, there may be used NZS-20A, NZS-30A or NZS 
30B (tradenames all produced by Nissan Kagaku Kogyo 
Co., Ltd.) or the like. 
As the colloid solution containing cerium oxide ?ne 

particles, there may be used a ceria sol (produced by Nissan 
Kagaku Kogyo Co., Ltd.) or the like. 
As the colloid solution containing titanium oxide ?ne 

particles, there may be used STS-01 or STS-02 (tradenames 
both produced by Ishihara Sangyo Co., Ltd.) or the like. 
As the colloid solution containing silicon oxide ?ne 

particles, there may be used SNOWTEX-XS, SNOWTEX 
S, SNOWTEX-UP, SNOWTEX-20, SNOWTEX-30, 
SNOWTEX-40, SNOWTEX-C, SNOWTEX-N, 
SNOWTEX-O, SNOWTEX-SS, SNOWTEX-20L or 
SNOWTEX-OL (tradenames, all produced by Nissan 
Kagaku Kogyo, Co., Ltd.) or the like. 

The amount of the inorganic ?ne particles Which are 
mechanically mixed and stirred thereWith or the inorganic 
?ne particles contained in the colloid solution is preferably 
0.1 to 20 parts by Weight (calculated as oxide, nitride, 
carbide or sul?de) based on 100 parts by Weight of the 
non-magnetic particles as core particles. When the amount 
of the inorganic ?ne particles is less than 0.1 part by Weight, 
the amount of the inorganic ?ne particles adhered onto the 
surface of each non-magnetic particle may be insufficient, so 
that the obtained non-magnetic composite particles may not 
shoW a suf?cient polishing effect. When the amount of the 
inorganic ?ne particles is more than 20 parts by Weight, the 
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18 
obtained non-magnetic composite particles exhibit a suf? 
cient polishing effect. HoWever, since the amount of the 
inorganic ?ne particles adhered onto the surface of each 
non-magnetic particle is too large, the inorganic ?ne par 
ticles tend to be desorbed or fallen-off from the surfaces of 
the non-magnetic particles, thereby failing to produce a 
magnetic recording medium having excellent durability and 
magnetic head cleaning property. 

In order to uniformly adhere the inorganic ?ne particles 
onto the surface of each non-magnetic particle as a core 
particle, it is preferred that aggregated non-magnetic par 
ticles be previously deaggregated using a pulveriZer. 
As apparatus (a) for mixing and stirring the core particles 

With the inorganic ?ne particles to adhere onto the surface of 
each non-magnetic particles as core particles, and (b) for 
mixing and stirring tetraalkoxysilane With the particles 
Whose the inorganic ?ne particles are adhered on the respec 
tive surfaces, there may be preferably used those apparatus 
capable of applying a shear force to the particles, more 
preferably those apparatuses capable of conducting the 
application of shear force, spaturate force and compressed 
force at the same time. 
As such apparatuses, there may be exempli?ed Wheel 

type kneaders, ball-type kneaders, blade-type kneaders, roll 
type kneaders or the like. Among them, Wheel-type kneaders 
are preferred. 

Speci?c examples of the Wheel-type kneaders may 
include an edge runner (equal to a mix muller, a Simpson 
mill or a sand mill), a multi-mull, a StotZ mill, a Wet pan 
mill, a Conner mill, a ring muller, or the like. Among them, 
an edge runner, a multi-mull, a StotZ mill, a Wet pan mill and 
a ring muller are preferred, and an edge runner is more 
preferred. 

Speci?c examples of the ball-type kneaders may include 
a vibrating mill or the like. Speci?c examples of the blade 
type kneaders may include a Henschel mixer, a planetary 
mixer, a NaWter mixer or the like. Speci?c examples of the 
roll-type kneaders may include an extruder or the like. 

After adhering the inorganic ?ne particles onto the surface 
of each non-magnetic particle as a core particle, tetraalkox 
ysilane is mixed and stirred thereWith, and the resultant 
mixture is then heat-treated so as to ?x or anchor the 
inorganic ?ne particles onto the non-magnetic particles 
through a silicon compound derived (produced) from the 
tetraalkoxysilane. 
The conditions of the above mixing or stirring treatment 

may be appropriately controlled such that the linear load is 
usually 2 to 200 Kg/cm (19.6 to 1960 N/cm), preferably 10 
to 150 Kg/cm (98 to 1470 N/cm), more preferably 15 to 100 
Kg/cm (147 to 960 N/cm); and the treating time is usually 
5 to 120 minutes, preferably 10 to 90 minutes. It is preferred 
to appropriately adjust the stirring speed in the range of 
usually 2 to 2,000 rpm, preferably 5 to 1,000 rpm, more 
preferably 10 to 800 rpm. 

The amount of tetraalkoxysilane adhered is preferably 
0.05 to 70 parts by Weight based on 100 parts by Weight of 
the non-magnetic particles as core particles. When the 
amount of tetraalkoxysilane adhered is less than 0.05 part by 
Weight, it may be dif?cult to ?x or anchor the inorganic ?ne 
particles onto the surface of each non-magnetic particle in an 
amount suf?cient to exhibit a good polishing effect and 
improve a durability. When the amount of tetraalkoxysilane 
coated is more than 70 parts by Weight, it is possible to ?x 
or anchor a suf?cient amount of the inorganic ?ne particles 
onto the surface of each non-magnetic particle. HoWever, 
since the ?xing or anchoring effect is already saturated, the 
use of such a too large coating amount of tetraalkoxysilane 
is meaningless. 



US 6,544,647 B1 
19 

The temperature of the heat-treatment of tetraalkoxysi 
lane is usually 40 to 200° C., preferably 60 to 150° C. The 
heat-treating time is preferably from 10 minutes to 36 hours, 
more preferably from 30 minutes to 24 hours. Thus, When 
being heat-treated under the above conditions, tetraalkox 
ysilane is converted into a suitable silicon compound. 

The non-magnetic particles as core particles may be 
previously coated With an undercoating material composed 
of at least one compound selected from the group consisting 
of a hydroxide of aluminum, an oxide of aluminum, a 
hydroxide of silicon and an oxide of silicon prior to adhering 
the inorganic ?ne particles thereonto. 

The formation of the undercoat on the surface of the 
non-magnetic particles may be conducted by adding an 
aluminum compound, a silicon compound or both aluminum 
and silicon compounds capable of forming the undercoat, to 
a Water suspension prepared by dispersing the non-magnetic 
particles in Water, mixing and stirring the resultant mixture, 
and further properly adjusting the pH value of the obtained 
mixture, if required, thereby coating the surface of each 
non-magnetic particle With at least one compound selected 
from the group consisting of a hydroxide of aluminum, an 
oxide of aluminum, a hydroxide of silicon and an oxide of 
silicon. The thus obtained mixture is ?ltered, Washed With 
Water, dried and then pulveriZed. If required, the obtained 
particles may be further subjected to deaeration, compaction 
or other treatments. 
As the aluminum compounds used for forming the 

undercoat, there may be exempli?ed aluminum salts such as 
aluminum acetate, aluminum sulfate, aluminum chloride 
and aluminum nitrate; alkali aluminates such as sodium 
aluminate; or the like. 

The amount of the aluminum compound added is usually 
0.01 to 20% by Weight (calculated as Al) based on the Weight 
of the non-magnetic particles as core particles. When the 
amount of the aluminum compound added is less than 0.01% 
by Weight, it may be dif?cult to obtain the effect of improv 
ing the desorption percentage of inorganic ?ne particles. 
When the amount of the aluminum compound added is more 
than 20% by Weight, the effect of improving the desorption 
percentage of inorganic ?ne particles can be obtained. 
HoWever, since the desorption percentage of inorganic ?ne 
particles-reduced effect is already saturated, it is meaning 
less to coat the non-magnetic particles With such a too large 
amount of the aluminum compound. 
As the silicon compound used for forming the undercoat, 

there may be exempli?ed Water glass #3, sodium 
orthosilicate, sodium metasilicate or the like. 

The amount of the silicon compound added is usually 0.01 
to 20% by Weight (calculated as SiO2) based on the Weight 
of the magnetic particles as core particles. When the amount 
of the silicon compound added is less than 0.01% by Weight, 
it may be dif?cult to obtain the effect of improving the 
desorption percentage of inorganic ?ne particles. When the 
amount of the silicon compound added is more than 20% by 
Weight, the effect of improving the desorption percentage of 
inorganic ?ne particles can be obtained. HoWever, since the 
desorption percentage of inorganic ?ne particles-reduced 
effect is already saturated, it is meaningless to coat the 
non-magnetic particles With such a too large amount of the 
silicon compound. 

In the case Where the aluminum and silicon compounds 
are used in combination, the total amount of the aluminum 
and silicon compounds coated is usually 0.01 to 20% by 
Weight (calculated as a sum of Al and SiO2) based on the 
Weight of the non-magnetic particles as core particles. 

Next, the process for producing the magnetic recording 
medium according to the present invention Will be 
described. 
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The magnetic recording medium according to the present 

invention can be produced by applying a non-magnetic 
coating composition comprising the non-magnetic compos 
ite particles of the present invention, binder resin and solvent 
onto a non-magnetic base ?lm to form a coating ?lm, and 
drying the coating ?lm to form a non-magnetic undercoat 
layer; and then by applying a magnetic coating composition 
comprising the magnetic particles, binder resin and solvent 
onto a non-magnetic undercoat layer to form a coating ?lm, 
and then drying the coating ?lm to form a magnetic record 
ing layer. 
As the solvent for the non-magnetic undercoat layer and 

magnetic recording layer, there may be used those generally 
used for the production of ordinary magnetic recording 
media. Examples of the solvents may include methyl ethyl 
ketone, toluene, cyclohexanone, methyl isobutyl ketone, 
tetrahydrofuran or mixtures thereof. 
The amount of the solvent or solvents used is 65 to 1,000 

parts by Weight in total based on 100 parts by Weight of the 
non-magnetic particles or magnetic particles. When the 
amount of the solvent used is less than 65 parts by Weight, 
the obtained non-magnetic or magnetic coating composition 
may exhibit a too high viscosity, resulting in poor coatability 
thereof. When the amount of the solvent used is more than 
1,000 parts by Weight, a too large amount of the solvent may 
be volatiliZed upon coating Which is disadvantageous from 
industrial vieWpoints. 
The important point of the present invention is that When 

non-magnetic composite particles obtained by adhering 
inorganic ?ne particles of at least one inorganic compound 
selected from the group consisting of oxides, nitrides, car 
bides and sul?des of aluminum, Zirconium, cerium, 
titanium, silicon, boron or molybdenum, onto the surface of 
each non-magnetic particle as a core particle, and ?rmly 
?xing or anchoring the inorganic ?ne particles thereonto 
through a silicon compound derived (produced) from tet 
raalkoxysilane are used for the production of a non-magnetic 
undercoat layer of a magnetic recording medium, the 
obtained magnetic recording medium exhibits an excellent 
durability and a suf?cient surface smoothness. 
The reason Why the non-magnetic undercoat layer having 

an excellent durability can be obtained by using the non 
magnetic composite particles according to the present inven 
tion as non-magnetic particles therefor, is considered as 
folloWs. That is, since the inorganic ?ne particles having a 
high Mohs hardness such as oxide ?ne particles, nitride ?ne 
particles, carbide ?ne particles or sul?de ?ne particles used 
as a solid lubricant, are adhered on the surfaces of the 
non-magnetic particles, and further since these inorganic 
?ne particles are ?xed or anchored thereon through the 
silicon compound derived from tetraalkoxysilane so as to 
effectively prevent the inorganic ?ne particles from being 
desorbed or fallen-off from the surface of each non-magnetic 
particle, a suf?cient polishing effect can be imparted to the 
non-magnetic particles. 

MeanWhile, the reason Why the inorganic ?ne particles are 
?rmly ?xed or anchored onto the surface of each non 
magnetic particle, is considered as folloWs. That is, it is 
knoWn that tetraalkoxysilane is readily hydrolyZed in the 
presence of Water to produce silicon dioxide. In the present 
invention, the tetraalkoxysilane adhered is hydrolyZed by 
the interaction With a hydroxyl group derived from Water 
absorbed on the surface of each non-magnetic particle and a 
hydroxyl group derived from Water absorbed on the surfaces 
of the inorganic ?ne particles adhered onto the surface of 
each non-magnetic particle. Further, When the obtained 
particles are subjected to heat-dehydration, the inorganic 
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?ne particles are ?rmly ?xed or anchored on the surface of 
each non-magnetic particle by the anchoring effect of the 
silicon compound derived from tetraalkoxysilane. 

The reason Why the non-magnetic composite particles 
according to the present invention can exhibit an excellent 
dispersibility, is considered as folloWs. That is, since ?ne 
irregularities are formed on the surfaces of the non-magnetic 
particles by adhering the inorganic ?ne particles thereonto, 
the contact area betWeen the non-magnetic particles is 
reduced, and the particles are prevented from being agglom 
erated together, resulting in improved dispersibility thereof. 

The magnetic recording medium provided With the non 
magnetic undercoat layer using the non-magnetic composite 
particles according to the present invention have an excel 
lent durability and a suf?cient surface smoothness. The 
reason Why the magnetic recording medium of the present 
invention can exhibit an excellent surface smoothness is 
considered as folloWs. That is, since the obtained non 
magnetic undercoat layer has an excellent durability, the 
content of alumina having a deteriorated dispersibility can 
be reduced. Further, since the non-magnetic composite par 
ticles themselves have an improved dispersibility, the non 
magnetic undercoat layer can be enhanced in surface 
smoothness. 
When the non-magnetic composite particles according to 

the present invention are used for a non-magnetic undercoat 
layer of a magnetic recording medium, the obtained mag 
netic recording medium can shoW excellent durability and 
surface smoothness. Therefore, the non-magnetic composite 
particles according to the present invention are suitable as a 
material for high-density magnetic recording media. 

Thus, the magnetic recording medium of the present 
invention obtained by using the above non-magnetic com 
posite particles as non-magnetic particles for a non-magnetic 
undercoat layer thereof, can exhibit excellent surface 
smoothness and durability and, therefore, is suitable as a 
high-density magnetic recording medium. 

EXAMPLES 

The present invention is described in more detail by 
Examples and Comparative Examples, but the Examples are 
only illustrative and, therefore, not intended to limit the 
scope of the present invention. 

Various properties Were measured by the folloWing meth 
ods. 

(1) The average major axial diameter and average minor 
axial diameter of particles are respectively expressed by the 
average value obtained by measuring about 350 particles 
Which Were sampled from a micrograph obtained by mag 
nifying an original electron micrograph (><30,000) by four 
times in each of longitudinal and transverse directions. 

(2) The aspect ratio is expressed by the ratio of average 
major axial diameter to average minor axial diameter. The 
plate ratio is expressed by the ratio of average particle siZe 
to average thickness. 

(3) The particle siZe distribution of major axial diameters 
is expressed by the geometrical standard deviation thereof 
obtained by the folloWing method. 

That is, the major axial diameters Were measured from the 
above magni?ed electron micrograph. The actual major 
axial diameters and the number of the particles Were calcu 
lated from the measured values. On a logarithmic normal 
probability paper, the major axial diameters Were plotted at 
regular intervals on the abscissa-axis and the accumulative 
number (under integration sieve) of particles belonging to 
each interval of the major axial diameters Were plotted by 
percentage on the ordinate-axis by a statistical technique. 
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The major axial diameters corresponding to the number of 

particles of 50% and 84.13%, respectively, Were read from 
the graph, and the geometrical standard deviation Was cal 
culated from the folloWing formula: 

Geometrical standard deviation={major axial diameter correspond 
ing to 84.13% under integration sieve}/{major axial diameter 
(geometrical average diameter) corresponding to 50% under 
integration sieve} 

The closer to 1 the geometrical standard deviation value, 
the more excellent the particle siZe distribution. 

(4) The speci?c surface area is expressed by the value 
measured by a BET method. 

(5) The amounts of Al and Si coated on the surfaces of 
acicular hematite particles and acicular iron oxide hydroxide 
particles, the amounts of Al, Zr, Ce, Ti, Mo, B and Si 
contained in inorganic ?ne particles existing on the surfaces 
of the acicular hematite particles and acicular iron oxide 
hydroxide particles, and the amount of Si contained in a 
silicon compound derived from tetraalkoxysilane, Were 
respectively measured by a ?uorescent X-ray analyZer 
“3063 M-Model” (manufactured by Rigaku Denki Kogyo 
Co., Ltd.) according to JIS K0119 “General Rule of Fluo 
rescent X-ray Analysis”. Similarly, the amount of cobalt 
contained in the Co-coated magnetite particles and the 
Co-coated maghemite particles Were respectively measured 
by using the same measuring apparatus and the same mea 
suring method as described above. 
The amount of Si of an oxide of silicon or a hydroxide of 

silicon coated or existing on the surface of each non 
magnetic particle, the amount of Si of silicon oxide ?ne 
particles, silicon nitride ?ne particles, silicon carbide ?ne 
particles, silicon sul?de ?ne particles, and the amount of Si 
of a silicon compound derived from tetraalkoxysilane, are 
expressed by a value obtained by subtracting the amount of 
Si measured before each treatment from that measured after 
the treatment. The amount of A1 of a hydroxide of aluminum 
or an oxide of aluminum coated or existing on the surface of 
each non-magnetic particle and the amount of A1 of alumi 
num oxide ?ne particles, aluminum nitride ?ne particles, 
aluminum carbide ?ne particles, aluminum sul?de ?ne 
particles, are expressed by a value obtained by the same 
method as used in the above measurement of Si. 

(6) The desorption percentage (%) of inorganic ?ne 
particles adhered onto the non-magnetic composite particles 
is expressed by a value measured using the folloWing 
method. The closer to Zero the desorption percentage, the 
smaller the amount of the inorganic ?ne particles desorbed 
or fallen-off from the surface of each non-magnetic com 
posite particle. 

3 g of the non-magnetic composite particles and 40 ml of 
ethanol Were placed in a 50ml-precipitation pipe, and then 
subjected to ultrasonic dispersion for 20 minutes. Thereafter, 
the obtained dispersion Was alloWed to stand for 120 
minutes, and the inorganic ?ne particles desorbed Were 
separated from the non-magnetic composite particles by the 
difference in precipitation speed betWeen both the particles. 
Next, the non-magnetic composite particles separated from 
the inorganic ?ne particles desorbed Were mixed again With 
40 ml of ethanol, and the obtained mixture Was subjected to 
ultrasonic dispersion for 20 minutes. Then, the obtained 
dispersion Was alloWed to stand for 120 minutes, thereby 
separating the non-magnetic composite particles and the 
desorbed ?ned particles from each other. After the thus 
obtained non-magnetic composite particles Were dried at 80° 
C. for one hour, the contents of Al, Zr, Ce, Ti Si, B and Mo 
therein Were measured by a ?uorescent X-ray spectroscopy 
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device “3063M Model” (manufactured by Rigaku Denki 
Kogyo Co., Ltd.) according to JIS K0119 “General Rule of 
Fluorescent X-ray Analysis”. The desorption percentage of 
the inorganic ?ne particles is calculated according to the 
folloWing formula: 

Desorption percentage of inorganic ?ne particles (%)={(Wa-We)/ 
Wa}><100 

Wherein Wa represents an amount of the inorganic ?ne 
particles initially adhered onto the non-magnetic composite 
particles; and We represents an amount of the inorganic ?ne 
particles still adhered on the non-magnetic composite par 
ticles after the desorption test. 

(7) The volume resistivity of the non-magnetic particles 
and the non-magnetic composite particles Was measured by 
the folloWing method. 

That is, ?rst, 0.5 g of a sample particles to be measured 
Was Weighted, and press-molded at 140 Kg/cm2 (1.37><107 
Pa) using a KBr tablet machine (manufactured by SimaZu 
Seisakusho Co., Ltd.), thereby forming a cylindrical test 
piece. 

Next, the thus obtained cylindrical test piece Was exposed 
to an atmosphere maintained at a temperature of 25° C. and 
a relative humidity of 60% for 12 hours. Thereafter, the 
cylindrical test piece Was set betWeen stainless steel 
electrodes, and a voltage of 15V Was applied betWeen the 
electrodes using a Wheatstone bridge (model 4329A, manu 
factured by YokogaWa-Hokushin Denki Co., Ltd.) to mea 
sure a resistance value R 

The cylindrical test piece Was measured With respect to an 
upper surface area A (cm2) and a thickness tO (cm) thereof. 
The measured values Were inserted into the folloWing 
formula, thereby obtaining a volume resistivity X 

(8) The surface resistivity of the coating ?lm of the 
non-magnetic undercoat layer and magnetic recording layer 
Was measured by the folloWing method. That is, the coating 
?lm to be measured Was exposed to the environment main 
tained at a temperature of 25° C. and a relative humidity of 
60%, for not less than 12 hours. Thereafter, the coating ?lm 
Was slit into 6 mm Width, and the slit coating ?lm Was placed 
on tWo metal electrodes having a Width of 6.5 mm such that 
a coating surface thereof Was contacted With the electrodes. 
170-gram Weights Were respectively suspended at opposite 
ends of the coating ?lm so as to bring the coating ?lm into 
close contact With the electrodes. DC. 500 V Was applied 
betWeen the electrodes, thereby measuring the surface resis 
tivity of the coating ?lm. 

(9) The magnetic properties of magnetic particles Were 
measured using a vibration sample magnetometer “VSM 
3S-15” (manufactured by Toei Kogyo Co., Ltd.) by applying 
an external magnetic ?eld of 10 kOe (795.8 kA/m) (or 5 kOe 
(397.9 kA/m) in the case of Co-coated magnetic iron oxide 
particles). Also, the magnetic properties of magnetic record 
ing medium Were measured using the same apparatus by 
applying an external magnetic ?eld of 10 kOe (795.8 kA/m) 
(or 5 kOe (397.9 kA/m) in the case Where Co-coated 
magnetic iron oxide particles Were used as magnetic 
particles). 

(10) The viscosity of a coating composition Was measured 
at 25° C. by E-type viscometer “EMD-R” (manufactured by 
Tokyo Keiki Co., Ltd.), and expressed by the value at a shear 
rate (D) of 1.92 sec_1. 

(11) The gloss of a coating ?lm Was measured by irradi 
ating light thereon at an incident angle of 45° using a gloss 
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24 
meter “UGV-5D” (manufactured by Suga Testing Machine 
Manufacturing Co., Ltd.), and expressed by the percentage 
(%) based on a reference plate assuming that the gloss of the 
reference plate measured under the same conditions is 
86.3%. 

(12) The surface roughness Ra of a coating ?lm is 
expressed by a center line average roughness value thereof 
measured by “Surface-575A” (manufactured by Tokyo 
Seimitsu Co., Ltd.). 

(13) The running durability of a magnetic recording 
medium is expressed by an actual operating time measured 
under a load of 200 gW (1.96 N) at a relative speed betWeen 
head and tape of 16 m/s by a Media Durability Tester 
“MDT-3000” (manufactured by Steinberg Associates 
Corp.). The longer the actual operating time, the more 
excellent the running durability. 

(14) The magnetic head cleaning property of a magnetic 
recording medium Was determined by visually observing the 
degree of contamination on the magnetic head after the 
magnetic tape Was run under a load of 200 gW (1.96 N) at 
a relative speed betWeen head and tape of 16 m/s for 30 
minutes. The results of the observation Was classi?ed into 
the folloWing four ranks. The less the contamination on the 
magnetic head, the higher the magnetic head cleaning prop 
erty. 

A: No contamination on head; 
B: Slight contamination on head; 
C: Some contamination on head; and 
D: Considerable contamination on head. 
(15) The strength of a coating ?lm Was determined by 

measuring the Young’s modulus thereof using “Autograph” 
(manufactured by ShimadZu Seisakusho Co., Ltd.). The 
Young’s modulus is expressed by a relative value based on 
that of a commercially available video tape “AV T-120” 
(produced by Victor Company of Japan, Limited). The larger 
the relative value, the higher the strength of the coating ?lm. 

(16) The thickness of each of the base ?lm, the non 
magnetic undercoat layer and the magnetic recording layer 
constituting the magnetic recording medium Was measured 
in the folloWing manner by using “Digital Electronic 
Micrometer R351C” (manufactured by ANRITSU CORP.) 
The thickness (A) of a base ?lm Was ?rst measured. 

Similarly, the thickness (B) (B=the sum of the thicknesses of 
the base ?lm and the non-magnetic undercoat layer) of a 
non-magnetic substrate obtained by forming a non-magnetic 
undercoat layer on the base ?lm Was measured. 
Furthermore, the thickness (C) (C=the sum of the thick 
nesses of the base ?lm, the non-magnetic undercoat layer 
and the magnetic recording layer) of a magnetic recording 
medium obtained by forming a magnetic recording layer on 
the non-magnetic substrata Was measured. The thickness of 
the non-magnetic undercoat layer is expressed by (B)—(A), 
and the thickness of the magnetic recording layer is 
expressed by (C)—(B). 

Example 1 
<Production of Non-magnetic Composite Particles> 

11.0 kg of acicular hematite particles (average major axial 
diameter: 0.133 pm; average minor axial diameter: 0.0191 
pm; aspect ratio: 7.0:1; geometrical standard deviation: 1.35; 
BET speci?c surface area: 56.2 m2/g; volume resistivity 
value: 2.1><108 Q-cm) Were charged into an edge runner 
“MPUV-2 Model” (manufactured by Matsumoto ChuZo 
Tekkosho Co., Ltd.). The particles Were mixed and stirred at 
a linear load of 20 Kg/cm (196 N/cm) for 20 minutes to 
lightly deaggregate the particles. 

Then, 1,100 g of a ceria sol containing cerium oxide ?ne 
particles having an average particle siZe of 0.01 pm (CeO2 
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content: 20% by Weight; produced by Nissan Kagaku Kogyo 
Co., Ltd.) Was added to the deaggregated acicular hematite 
particles While operating the edge runner, and the resultant 
mixture Was continuously mixed and stirred at a linear load 
of 40 Kg/cm (392 N/cm) and a stirring speed of 22 rpm for 
20 minutes to adhere the cerium oxide ?ne particles onto the 
surface of each acicular hematite particle, and thereafter Was 
dried. As a result of ?uorescent X-ray analysis of the thus 
obtained acicular hematite particles, it Was con?rmed that 
the content of the cerium oxide ?ne particles Was 1.92% by 
Weight (calculated as CeO2) based on the total Weight of the 
acicular hematite particles and the cerium oxide ?ne par 
ticles adhered thereon. 

Further, as a result of the observation by an electron 
microscope, it Was con?rmed that no cerium oxide ?ne 
particles Were present in an isolated state. This indicates that 
a substantially Whole amount of the cerium oxide ?ne 
particles added Were adhered on the surface of each acicular 
hematite particle. 

Next, 110 g of tetraethoxysilane “KBE 04” (tradename, 
produced by Shin-Etsu Kagaku Co., Ltd.) Was added to the 
obtained particles for 10 minutes While operating the edge 
runner, and the resultant mixture Was mixed and stirred 
therein at a linear load of 40 Kg/cm (392 N/cm) and a 
stirring speed of 22 rpm for 20 minutes, thereby adhering 
tetraethoxysilane on the surface of each acicular hematite 
particle on Which the cerium oxide ?ne particles Were 
adhered. 

The thus obtained acicular hematite particles Were heat 
treated at 120° C. for 12 hours, thereby ?xing or anchoring 
the cerium oxide ?ne particles onto the surface of each 
acicular hematite particle through a silicon compound pro 
duced from tetraethoxysilane, and simultaneously volatiliZ 
ing residual ethanol and Water etc. produced by hydrolysis 
of tetraethoxysilane or the like. As a result of observation of 
the thus obtained acicular hematite composite particles by an 
electron microscope, it Was con?rmed that no cerium oxide 
?ne particles remained isolated after the ?xing or anchoring 
treatment With the silicon compound produced from tetra 
ethoxysilane. This indicates that a substantially Whole 
amount of the cerium oxide ?ne particles added Were ?xed 
or anchored on the surface of each acicular hematite particle. 

The obtained acicular hematite composite particles had an 
average major axial diameter of 0.133 pm, an average minor 
axial diameter of 0.0192 pm, an aspect ratio of 6.9:1, a 
geometrical standard deviation of major axial diameter of 
1.35, a BET speci?c surface area of 58.2 m2/g, a volume 
resistivity value: 9.1><108 Q-cm, desorption percentage of 
inorganic ?ne particles of 6.5%. As a result of ?uorescent 
X-ray analysis of the obtained particles, it Was con?rmed 
that the amount of the silicon compound produced from 
tetraethoxysilane Was 0.130% by Weight (calculated as Si) 
based on the Weight of the acicular hematite composite 
particles. 

Example 2 
<Production of Non-magnetic Substrate: Formation of Non 
magnetic Undercoat Layer on Non-magnetic Base Film> 

12 g of the acicular hematite composite particles obtained 
in Example 1 Were mixed With a binder resin solution (30% 
by Weight of vinyl chloride-vinyl acetate copolymer resin 
having a sodium sulfonate group and 70% by Weight of 
cyclohexanone) and cyclohexanone, and each of the 
obtained mixtures (solid content: 72% by Weight) Was 
kneaded by a plast-mill for 30 minutes. 
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Each of the thus-obtained kneaded material Was charged 

into a 140 ml-glass bottle together With 95 g of 1.5 mmq) 
glass beads, a binder resin solution (30% by Weight of 
polyurethane resin having a sodium sulfonate group and 
70% by Weight of a solvent (methyl ethyl ketone:toluene= 
1:1)), cyclohexanone, methyl ethyl ketone and toluene, and 
the obtained mixture Was mixed and dispersed by a paint 
shaker for 6 hours to obtain a non-magnetic coating com 
position. 

The thus-obtained non-magnetic coating composition 
containing the acicular hematite composite particles Was as 
folloWs: 

Acicular hematite composite 
particles 
Vinyl chloride-vinyl acetate 
copolymer resin having a sodium 
sulfonate group 
Polyurethane resin having a 
sodium sulfonate group 

100 parts by Weight 

10 parts by Weight 

10 parts by Weight 

Cyclohexanone 44.6 parts by Weight 
Methylethyl ketone 111.4 parts by Weight 
Toluene 66.9 parts by Weight 

The viscosity of the obtained non-magnetic coating com 
position Was 384 cP. 

The non-magnetic coating composition obtained Was 
applied to a polyethylene terephthalate ?lm of 12 pm thick 
to a thickness of 55 pm by an applicator, and the coating ?lm 
Was then dried, thereby forming a non-magnetic undercoat 
layer. The thickness of the non-magnetic undercoat layer 
Was 3.5 pm. 

The thus obtained non-magnetic undercoat layer had a 
gloss of 196%, and a surface roughness Ra of 6.2 nm. The 
Young’s modulus (relative value) thereof Was 130. The 
surface resistivity thereof Was 3.5><101O Q/cm2. 

Example 3 

<Production of a Magnetic Recording Layer> 
12 g of magnetic acicular metal particles containing iron 

as a main component (average major axial diameter: 0.115 
pm, average minor axial diameter: 0.0182 pm, aspect ratio: 
6.3:1, coercive force: 1910 Oe (152.0 kA/m), saturation 
magnetiZation: 131 emu/g (131 Am2/kg)), 0.6 g of a pol 
ishing agent (AKP-50: trade name, produced by Sumitomo 
Chemical Co., Ltd.), 0.36 g of carbon black (#3250B, trade 
name, produced by Mitsubishi Chemical Corp.), a binder 
resin solution (30% by Weight of vinyl chloride-vinyl acetate 
copolymer resin having a sodium sulfonate group and 70% 
by Weight of cyclohexanone) and cyclohexanone Were 
mixed to obtain a mixture (solid content: 78% by Weight). 
The mixture Was further kneaded by a plast-mill for 30 
minutes to obtain a kneaded material. 

The thus-obtained kneaded material Was charged into a 
140 ml-glass bottle together With 95 g of 1.5 mmq) glass 
beads, a binder resin solution (30% by Weight of polyure 
thane resin having a sodium sulfonate group and 70% by 
Weight of a solvent (methyl ethyl ketone:toluene=1:1)), 
cyclohexanone, methyl ethyl ketone and toluene, and the 
mixture Was mixed and dispersed by a paint shaker for 6 
hours. Then, the lubricant and hardening agent Were added 
to the mixture, and the resultant mixture Was mixed and 
dispersed by a paint shaker for 15 minutes. 
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The thus-obtained magnetic coating composition Was as 
follows: 

Magnetic acicular metal particles 
containing iron as a main 
component 
Vinyl chloride-vinyl acetate 
copolymer resin having a sodium 
sulfonate group 
Polyurethane resin having a 
sodium sulfonate group 
Polishing agent (AKP-50) 
Carbon black (#3250B) 
Lubricant (myristic acid: butyl 

100 parts by Weight 

10 parts by Weight 

10 parts by Weight 

5.0 parts by Weight 
3.0 parts by Weight 
3.0 parts by Weight 

stearate = 1: 2) 

Hardening agent (polyisocyanate) 5.0 parts by Weight 
Cyclohexanone 63.5 parts by Weight 
Methyl ethyl ketone 158.7 parts by Weight 
Toluene 95.2 parts by Weight 

The viscosity of the obtained magnetic coating composi 
tion Was 5120 cP. 

The magnetic coating composition obtained Was applied 
to the non-magnetic undercoat layer obtained in Example 2 
to a thickness of 15 pm by an applicator, and the magnetic 
recording coating ?lm obtained Was oriented and dried in a 
magnetic ?eld, and then calendered. The magnetic recording 
coating ?lm Was then subjected to a curing reaction at 60° 
C. for 24 hours, and thereafter slit into a Width of 0.5 inch 
(1.27 cm), thereby obtaining a magnetic tape. The thickness 
of the magnetic recording layer Was 1.0 pm. 

The coercive force of the magnetic tape produced by 
forming a magnetic tape Was 1969 Oe (156.7 kA/m), the 
squareness (Br/Bm) thereof Was 0.88, the gloss thereof Was 
219%, the surface roughness Ra thereof Was 6.4 nm, the 
Young’s modulus (relative value) thereof Was 133, the 
surface resistivity Was 4.7><109 Q/cm2, the running durabil 
ity thereof Was 28.9 minutes, and the magnetic head clean 
ing property thereof Was A. 
Core Particles 1 to 3 
As core particles, non-magnetic particles having proper 

ties as shoWn in Table 1 Were prepared. 
Core Particles 4 
<Forming Undercoat on the Surface of Non-magnetic Par 
ticles > 

20 kg of acicular hematite particles (Core particles 1) 
Were added to the Water, deaggregated by a stirrer, and then 
passed through a Homomic-Line Mill (manufactured by 
Tokushu Kika Kogyo Co., Ltd.) three times, thereby obtain 
ing a slurry of the acicular hematite particles. 

The pH value of the obtained slurry Was adjusted to 10.5 
by using sodium hydroxide solution. Thereafter, the result 
ant slurry Was mixed With Water so as to adjust the concen 
tration thereof to 98 g/liter. 150 liters of the diluted slurry 
Was heated to 60° C. While stirring. 

5,444 milliliters of a 1.0-mol/liter sodium aluminate aque 
ous solution (corresponding to 1.0% by Weight (calculated 
as Al) based on the Weight of the acicular hematite particles) 
Were added to the slurry. The slurry Was alloWed to stand for 
30 minutes and then mixed With acetic acid so as to adjust 
the pH value thereof to 7.5. 

After being kept under the above condition for 30 
minutes, the resultant slurry Was ?ltered, Washed With Water, 
dried, and then pulverized, thereby obtaining the acicular 
hematite particles Which Were surface-coated With a hydrox 
ide of aluminum. 
Main production conditions are shoWn in Table 2, and 

various properties of the obtained acicular hematite particles 
are shoWn in Table 3. 
Core Particles 5 and 6 

The same production procedure of the Core particles 4 as 
de?ned above Was conducted except that kind of core 
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28 
particles and kind and amount of additives added Were 
varied, thereby obtaining Core particles 5 and 6. 
Main production conditions are shoWn in Table 2, and 

various properties of the obtained Core particles are shoWn 
in Table 3. In “kind of coating material” of Table 2, ‘A’ and 
‘S’ represent a hydroxide of aluminum and an oxide of 
silicon, respectively. 
Inorganic Fine Particles 

Inorganic ?ne particles having properties as shoWn in 
Table 4 Were prepared. 

Examples 4 to 21 and Comparative Examples 1 to 
5 and 7 to 9 

The same procedure as de?ned in Example 1 Was con 
ducted except that kind of core particles, kind and amount of 
inorganic ?ne particles, linear load and time of edge runner 
treatment used in the ?ne particle-adhering step, kind and 
amount of tetraalkoxysilane, and linear load and time of 
edge runner treatment used in the tetraalkoxysilane-coating 
step Were changed variously, thereby obtaining non 
magnetic composite particles. 
Main production conditions are shoWn in Tables 5 to 6, 

and various properties of the obtained non-magnetic com 
posite particles are shoWn in Tables 7 to 8. 

Comparative Example 6 
(FolloW-up Test of Japanese Patent Application Laid-Open 
(KOKAI) No. 7-192248(1995)) 

6.0 kg of the acicular hematite particles as Core particles 
1 Was mixed and stirred in Water, and then 1,000 ml of a 
0.1-mol/liter sodium hydroxide aqueous solution Was added 
to the resultant mixture, thereby obtaining a suspension 
having a pH value of 11.4. 

After intimately mixing and stirring the obtained 
suspension, 2,200 ml of a 0.5-mol/liter sodium aluminate 
aqueous solution (corresponding to 0.5% by Weight 
(calculated as Al) based on the Weight of the acicular 
hematite particles) Was added thereto, and the resultant 
mixture Was further mixed and stirred. 

Then, the obtained suspension Was mixed With a 0.1-mol/ 
liter HCl aqueous solution While stirring so as to adjust the 
pH value thereof to 7.0. Immediately after the mixing Was 
continued for 8 minutes, the obtained slurry Was ?ltered, 
Washed With Water and then dried by an ordinary method, 
thereby obtaining acicular hematite particles. 

5 kg of the thus obtained acicular hematite particles Were 
charged into an edge runner “MPUV-2 Model” 
(manufactured by Matsumoto ChuZo Tekkosho Co., Ltd.), 
and compacted and pulverized at a linear load of 60 Kg/cm 
(588 N/cm) for 60 minutes. 

Various properties of the obtained acicular hematite par 
ticles are shoWn in Table 6. 

Examples 22 to 39 and Comparative Examples 10 
to 21 

<Production of Non-magnetic Substrate: Formation of Non 
magnetic Undercoat Layer on Non-magnetic Base Film> 

Non-magnetic undercoat layers Were produced in the 
same Way as in Example 2 except for varying the kind of the 
non-magnetic acicular composite particles. 
The main producing conditions and various properties are 

shoWn in Tables 9 to 10. 

Examples 40 to 61 and Comparative Examples 22 
to 33 

<Production of Magnetic Recording Medium: Formation of 
Magnetic Coating Film> 

Magnetic recording media Were produced in the same 
Way as in Example 3 except for varying the kind of non 
magnetic undercoat layer, the kind of magnetic particles and 
the amount of the polishing agent. 
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Various properties of the magnetic particles (1) to (4) 
used, are shown in Table 11. 

30 
TABLE 3 

The main producing conditions shoWn in Tables 12 to 13 
and various properties are shoWn in Tables 14 to 16. 

Properties of surface-treated core particles 

Average major Average minor Aspect 
5 Core axial diameter axial diameter ratio 

TABLE 1 particles 0m) 0m) <-> 

Properties of acicular Core 0.143 0.0210 6.8:1 
hematite particles particles 4 

Core or acicular goethite particles Core 0.187 0.0241 78:1 
10 particles 5 

particles Kind Particle shape Core 0.241 0.0272 8.9:1 
particles 6 

Core Hematite particles Acicular 
particles 1 Properties of surface-treated core particles 

Core Hematite particles Spindle-shaped 
particles 2 15 Geometrical 

Core Goethite particles Acicular standard Volume 
particles 3 deviation BET speci?c resistivity 

Core value surface area value 
Properties of acicular hematite particles particles (—) (mZ/g) cm) 

or acicular goethite particles 
Core 1.37 54.9 4.6 X 108 

Average major Average minor Aspect 20 particles 4 
Core axial diameter axial diameter ratio Core 1.33 43.6 9.1 x 108 

particles (,um) (,um) (—) particles 5 
Core 1.36 85.8 9.3 x 107 

Core 0.143 0.0210 681 particles 6 
particles 1 

Core 0.187 0.0240 7.8:1 25 

particles 2 TABLE 4 
Core 0.240 0.0272 8.8:1 

particles 3 Fine 
particles Kind of ?ne particles 

Properties of acicular hematite particles 
Of acicular goethite Particles 30 Fine Oxide Alumina sol (A1203 concentration: 

particles 1 20%; produced by Nissan Kagaku 
Geometrical Kogyo Co., Ltd.) 

staf_lda_fd _ VC_>11l_IT1_e Fine Oxide STS-01 (TiO2 concentration: 30%; 
devl?tlOn BET specl?c reslstlvlty particles 2 produced by Ishihara Sangyo Co., 

Core value surface area value Ltd) 
particles (—) (mZ/g) (9 - Cm) 35 Fine Oxide NZS-30A (ZrO2 concentration: 30%; 

particles 3 produced by Nissan Kagaku Kogyo 
Core 1.38 55.3 2.3 x 108 CO Ltd) 

Particles 1 Fine Oxide Ceria sol (CeO2 concentration: 
COre 1.33 43-3 8-6 X 108 particles 4 20%; produced by Nissan Kagaku 

particles 2 Kogyo.Co., Ltd.) 
Core 1-37 86-3 9-6 X 107 40 Fine Oxide SNOWTEX-XS (SiO2 concentration: 

particles 3 particles 5 20%; produced by Nissan Kagaku 
Kogyo Co., Ltd.) 

Fine Nitride Aluminum nitride 
TABLE 2 particles 6 (AlN concentration: 20%) 

Fine Carbide Silicon carbide 
Surface-treatment step particles 7 (SiC concentration: 20%) 

Kind of Additive 45 Fine Sul?de Molybdenum disul?de 
particles 8 (MoS2 concentration: 20%) 

Core core Calculated Amount 

particles particles Kind as (Wt. %) Properties of inorganic ?ne particles 

Core Core Sodium A1 1.0 Geometrical 
particles 4 particles 1 aluminate 50 Average standard 

Core Core Water SiO2 0.5 Fine Particle particle size deviation value 
particles 5 particles 2 glass #3 particles shape (,um) (—) 

Core Core Sodium A1 1.0 
particles 6 particles 3 aluminate Fine Granular 0.012 2.56 

Colloidal SiO2 3.0 particles 1 
silica 55 Fine Granular 0.007 1.56 

particles 2 
Surface-treatment step Fine Granular 0.070 1.63 

Coating material particles 3 
Fine Granular 0.010 1.46 

Core Amount particles 4 
particles Kind Calculated as (Wt. %) 60 Fine Granular 0.005 1.46 

particles 5 
Core A A1 0.98 Fine Granular 0.024 1.68 

particles 4 particles 6 
Core S SiO2 0.48 Fine Granular 0.018 1.53 

particles 5 particles 7 
Core A A1 0.96 Fine Granular 0.038 1.71 

particles 6 S SiO2 2.81 65 particles 8 
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TABLE 5 

Production of non-magnetic composite particles 

Adhesion With ?ne particles 

Examples Colloid solution 

and Amount Edge runner treatment Amount adhered 

Comparative Kind of core added (part Linear load Time Calculated Amount 

Examples particles Kind by Weight) (N/cm) (Kg/cm) (min.) as (Wt. %) 

Example 4 Core Fine particles 1 10.0 392 40 20 A1203 1.90 
particles 1 

Example 5 Core Fine particles 2 2.5 588 60 30 TiO2 0.70 
particles 1 

Example 6 Core Fine particles 3 2.0 294 30 30 ZrO2 0.52 
particles 1 

Example 7 Core Fine particles 4 10.0 588 60 20 CeO2 1.91 
particles 1 

Example 8 Core Fine particles 1 3.0 392 40 20 A1203 0.51 
particles 2 

Example 9 Core Fine particles 3 15.0 294 30 60 ZrO2 4.26 
particles 2 

Example 10 Core Fine particles 5 10.0 588 60 20 SiO2 1.92 
particles 3 

Example 11 Core Fine particles 4 2.0 441 45 20 CeO2 0.38 
particles 4 

Example 12 Core Fine particles 1 5.0 392 40 30 A1203 0.98 
particles 5 Fine particles 3 1.0 ZrO2 0.25 

Example 13 Core Fine particles 1 3.0 392 40 30 A1203 0.58 
particles 6 Fine particles 4 1.5 CeO2 0.25 

Comparative Core — — — — — — — 

Example 1 particles 1 
Comparative Core Fine particles 1 5.0 392 40 20 A1203 0.96 
Example 2 particles 1 
Comparative Core Fine particles 1 5 .0 392 40 20 A1203 0.95 
Example 3 particles 1 
Comparative Core Fine particles 1 0.005 392 40 20 A1203 9 x 1074 
Example 4 particles 1 
Comparative Core Fine particles 5 5 .0 392 40 20 SiO2 0.95 
Example 5 particles 1 

Coating With tetraalkoxysilane 

Examples Coating amount Heat-treatment step 

and Tetraalkoxysilane Edge runner treatment (calculated as Heating Heating 

Comparative Amount added Linear load Time Si) temperature time 

Examples Kind (part by Weight) (N/cm) (Kg/cm) (min.) (Wt. %) (O C.) (hour) 

Example 4 Tetraethoxysilane 1.0 294 30 20 0.132 60 24 
Example 5 Tetraethoxysilane 0.5 392 40 20 0.065 100 6 
Example 6 Tetramethoxysilane 2.0 294 30 20 0.361 80 12 
Example 7 Tetraethoxysilane 1.0 392 40 30 0.131 120 1 
Example 8 Tetraethoxysilane 3.0 392 40 30 0.391 100 2 
Example 9 Tetraethoxysilane 5 .0 588 60 20 0.640 80 4 
Example 10 Tetraethoxysilane 2.0 441 45 30 0.261 80 6 
Example 11 Tetraethoxysilane 0.3 294 30 20 0.039 120 12 
Example 12 Tetraethoxysilane 1.0 392 40 30 0.132 105 6 
Example 13 Tetraethoxysilane 1.5 392 40 20 0.190 80 3 
Comparative Tetraethoxysilane 2.0 294 30 30 0.258 80 12 
Example 1 
Comparative — — — — — — 80 12 

Example 2 
Comparative Tetraethoxysilane 0.005 294 30 30 6 x 1074 80 12 
Example 3 
Comparative Tetraethoxysilane 1.0 294 30 30 0.130 80 12 
Example 4 
Comparative Methyl 1.0 294 30 30 0.428 80 12 
Example 5 hydro genpolysiloxane 
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TABLE 6 

Production of non-magnetic composite particles 

Adhesion With ?ne particles 

Examples Colloid solution 

and Amount Edge runner treatment Amount adhered 

Comparative Kind of core added (part Linear load Time Calculated Amount 

Examples particles Kind by Weight) (N/cm) (Kg/cm) (min.) as (Wt. %) 

Example 14 Core Fine particles 6 2.0 588 60 20 AlN 0.39 
particles 1 

Example 15 Core Fine particles 7 5.0 294 30 30 SiC 0.95 
particles 1 

Example 16 Core Fine particles 8 1.0 441 45 20 MoS2 0.19 
particles 1 

Example 17 Core Fine particles 6 2.0 294 30 20 AlN 0.40 
particles 2 

Example 18 Core Fine particles 7 4.0 588 60 30 SiC 0.76 
particles 3 

Example 19 Core Fine particles 7 3.0 294 30 30 SiC 0.54 
particles 4 

Example 20 Core Fine particles 6 2.0 196 20 30 AlN 0.40 
particles 5 

Example 21 Core Fine particles 8 1.0 294 30 20 MoS2 0.20 
particles 6 

Comparative Core Fine particles 7 5.0 294 30 20 SiC 0.95 
Example 7 particles 1 
Comparative Core Fine particles 7 5.0 294 30 20 SiC 0.96 
Example 8 particles 1 
Comparative Core Fine particles 7 0.005 294 30 20 SiC 9 x 1074 
Example 9 particles 1 

Coating With tetraalkoxysilane 

Examples Coating amount Heat-treatment step 

and Tetraalkoxysilane Edge runner treatment (calculated as Heating Heating 

Comparative Amount added Linear load Time Si) temperature time 

Examples Kind (part by Weight) (N/cm) (Kg/cm) (min.) (Wt. %) (O C.) (hour) 

Example 14 Tetraethoxysilane 1.0 294 30 20 0.130 80 12 
Example 15 Tetraethoxysilane 0.5 441 45 20 0.065 80 12 
Example 16 Tetramethoxysilane 2.0 294 30 30 0.359 80 12 
Example 17 Tetraethoxysilane 1.0 294 30 30 0.128 60 12 
Example 18 Tetraethoxysilane 3.0 588 60 20 0.395 100 12 
Example 19 Tetraethoxysilane 5.0 441 45 20 0.640 60 18 
Example 20 Tetraethoxysilane 2.0 196 20 20 0.240 80 6 
Example 21 Tetraethoxysilane 2.0 294 30 30 0.239 80 15 
Comparative — — — — — — 80 12 

Example 7 
Comparative Tetraethoxysilane 0.005 294 30 30 6 x 1074 80 12 
Example 8 
Comparative Tetraethoxysilane 1.0 294 30 30 0.130 80 12 
Example 9 

TABLE 7 55 TABLE 7-c0ntinued 

Properties Of aciFular _ Example 8 0.187 0.0242 7.7:1 1.33 
non'magnenc COmPOSlte Pamdes Example 9 0.188 0.0241 7.8:1 1.34 

. Example 10 0.241 0.0273 8.8:1 1.36 
A A G t l Velage Vi’rage some ma Example 11 0.143 0.0210 6.8:1 1.37 

Examples ma]or minor standard 
. . . . Example 12 0.187 0.0242 7.7:1 1.33 and axial axlal Aspect deviation 60 

Comparative diameter diameter ratio value Example _13 0242 00272 89:1 1'36 
Examples (Mm) (Mm) (_) (_) Comparative 0.143 0.0210 6.8:1 — 

Example 1 
Example 4 (1144 @0211 68:1 137 Comparative 0.143 0.0211 6.8:1 1.37 
Example 5 0.143 0.0212 6.7:1 1.37 EXample 2 
Example 6 0.144 0.0211 6.8:1 1.37 65 Comparative 0.144 0.0211 6.8:1 — 

Example 7 0.143 0.0212 6.7:1 1.38 Example 3 
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TABLE 7-c0ntinued TABLE 8-c0ntinued 

Comparative 0.143 0.0210 6.8:1 — Example 18 865 5_6 X 108 7_6 

EXample 4 Example 19 56.1 2.3 x 109 4.3 
Comparative 0.143 0.0212 6.711 1.38 5 Example 20 450 28 X 109 21 

Example/5 Example 21 86.2 5.4 x 108 1.6 
Comparative 0.144 0.0212 6.8:1 — Comparative 604 28 X 109 542 

Example 6 Example 7 
. . Comparative 58.3 1.9 x 109 36.6 

Properties of acicular 
. . . Example 8 

non-magnetic composite particles 10 _ 9 
Comparative 54.9 3.8 x 10 — 

Examples BET speci?c Volume Desorption Example 9 
and surface area resistivity percentage of 

Comparative value value ?ne particles 
Examples (mZ/g) (Q - cm) (‘70) 

15 TABLE 9 
Example 4 56.3 2 6 x 109 8.2 
Example 5 55.5 1 3 x 109 6.8 Properties of 
Example 6 55.8 1 8 x 109 7.3 Production of non-magnetic non-magnetic 
Example 7 56.1 2 4 x 109 7.6 coating composition coating 
Example 8 44.1 7 2 x 109 8.6 
Example 9 45.1 6 6 x 109 5.3 20 Kind of non- Weight ratio composition 
Example 10 85.4 7 4 x 108 6.4 magnetic of particles Viscosity 
Example 11 55.1 3 2 x 109 3.1 Examples particles to resin (—) (cP) 
Example 12 43.9 6 4 x 109 3.8 
Example 13 85.9 8 9 x 108 1.2 Example 22 Example 4 50:1 410 
Comparative 54.1 3 6 x 109 — Example 23 Example 5 50:1 384 
Example 1 Example 24 Example 6 50:1 333 
Comparative 58.2 1 2 X 109 56.9 25 Example 25 Example 7 5011 358 
Example 2 Example 26 Example 8 50:1 410 
Comparative 58.0 2 3 x 109 35.6 Example 27 Example 9 5031 435 
Example 3 Example 28 Example 10 50:1 486 
Comparative 550 2 6 X 109 _ Example 29 Example 11 50:1 410 

a :2 8 :8 . 12 xamp e xamp e . : 

comparanve 501 6 7 X 10 8'6 Example 32 Example 14 50:1 307 

EXamp1e_5 9 Example 33 Example 15 50:1 389 
Comparanve 56'7 3 6 X 10 18'3 Example 34 Example 16 50:1 415 
Example 6 Example 35 Example 17 50:1 461 

Example 36 Example 18 50:1 363 
35 Example 37 Example 19 50:1 512 

Example 38 Example 20 50:1 336 
TABLE 8 Example 39 Example 21 50:1 312 

Properties of acicular Properties of non-magnetic undercoat layer 
non-magnetic composite particles 

40 Thickness of 
Average Average Geometrical non-magnetic Surface 

Examples major minor standard undercoat roughness 
and axial axial Aspect deviation layer Gloss Ra 

Comparative diameter diameter ratio value Examples (,um) (‘70) (nm) 
Examples can) (am) <-) <-) 

Example 22 3.5 193 6.2 
Example 14 0.143 0.0211 6.8:1 1.38 45 Example 23 3.5 192 6.4 
Example 15 0.144 0.0212 6.8:1 1.38 Example 24 3.5 190 6.6 
Example 16 0.143 0.0211 6.8:1 1.38 Example 25 3.4 195 6.8 
Example 17 0.187 0.0241 7.8:1 1.33 Example 26 3.5 192 6.4 
Example 18 0.241 0.0275 8.8:1 1.37 Example 27 3.4 196 6.4 
Example 19 0.143 0.0211 6.8:1 1.38 Example 28 3.5 184 7.6 
Example 20 0.187 0.0242 7.7:1 1.33 50 Example 29 3.5 206 6.0 
Example 21 0.241 0.0273 8.8:1 1.37 Example 30 3.4 198 5.8 
Comparative 0.143 0.0210 6.8:1 1.38 Example 31 3.4 188 6.8 
Example 7 Example 32 3.5 193 6.4 
Comparative 0.143 0.0210 6.8:1 — Example 33 3.5 198 6.2 
Example 8 Example 34 3.5 191 7.0 
Comparative 0.143 0.0210 6.8:1 — 55 Example 35 3.5 192 7.0 
Example 9 Example 36 3.5 185 7.5 

Example 37 3.5 200 6.0 
Properties of acicular Example 38 3.5 196 6.3 

non-magnetic composite particles Example 39 3.5 188 7.1 

Examples BET speci?c Volume Desorption 60 Properties of non-magnetic 
and surface area resistivity percentage of undercoat layer 

Comparative value value ?ne particles 
Examples (mZ/g) (Q - cm) (‘70) Young’s modulus Surface resistivity 

(relative value 
Example 14 56.4 2.4 x 109 6.4 Examples value) (Q/cm2) 
Example 15 57.2 3.8 x 109 8.2 
Example 16 55.8 1.8 x 109 6.1 65 Example 22 131 3.2 x 1012 
Example 17 45.6 3.4 x 109 7.3 Example 23 132 2.6 x 1012 
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TABLE 9-c0ntinued 

US 6,544,647 B1 
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TABLE 10-c0ntinued 

Example 24 130 9-8 X 1011 Comparative 3.7 174 10.8 
Example 25 131 3.6 x 1012 Example 18 
EXample 26 136 3-1 X 1012 5 Comparative 3.6 138 28.3 
Example 27 135 4.3 X 101? Example 19 
Example 28 138 9'3 X 1012 Comparative 3.6 141 25.3 
Example 29 133 4.2 x 1012 Example 20 
Example 30 138 4'7 X 10 Comparative 3.5 162 17.3 
Example 31 141 9.6 X 1011 Exam 1 21 p e 
Example 32 131 1.6 X 1012 10 

Example 33 132 3.6 X 1012 P . f . 
Example 34 131 1.4 X 1012 roperties o non-magnetic 
Example 35 134 2.7 X 1012 undercoat layer 

Example 36 138 8.1 X 1011 
Example 37 134 49 X 1012 Young’s modulus Surface resistivity 
Example 38 138 38 X 1012 15 Comparative (relative value 
Example 39 139 8.5 X 1011 EXamples Value) (9/9912) 

Comparative 123 3.1 x 1012 

Example 10 
TABLE 10 2O Comparative 124 4.1 x 1012 

Example 11 
_ _ Properties O_f Comparative 119 8.8 x 1011 

Production of non-magnetic non-magnetic Example 12 
coating composition coating Comparative 120 4.4 X 1012 

Kind of non- Weight ratio composition Example _13 12 
Comparative magnetic of particles Viscosity 25 Comparatlve 111 3-1 X 10 
Examples particles to resin (—) (cP) EXample 14 

Comparative 113 3.2 x 1012 
Comparative Core parti- 5.0:1 461 Example 15 
Example _10 cles 1 _ Comparative 123 2.6 x 1012 

(éOl’npaliatli/f Corle pa2rti— 5.0:1 435 30 Example 16 
xamp e c es . 14 

Comparative Core parti- 5.0:1 358 comparanve 103 1'9 X 10 
Example 12 cles 3 Example _17 12 
Comparative Comparative 5.0:1 461 Comparatlve 120 2-1 X 10 
Example 13 Example 1 EX?mple 18 
Comparative Comparative 5.0:1 1,126 Comparative 113 3.8 x 1012 
Example 14 Example 2 35 Example 19 
Comparative Comparative 5.0:1 1,229 Comparative 116 45 X 1012 
Example .15 Example-3 Example 20 
Comparative Comparative 5.0:1 435 Comparative 122 2.3 X 1012 
Example 16 Example 4 
Comparative Comparative 5.0:1 384 Example 21 
Example 17 Example 5 4O 
Comparative Comparative 5.0:1 1,638 
Example 18 Example 6 
Comparative Comparative 5.0:1 1,101 TABLE 11 
Example 19 Example 7 
Comparative Comparative 5.0:1 1,408 Magnetic 
Example 20 Example 8 particles Kind 
Comparative Comparative 5.0:1 896 45 
Example 21 Example 9 Magnetic Acicular magnetic metal particles 

particles (1) containing iron as a main component 
Properties of non-magnetic undercoat layer Magnetic Acicular magnetic metal particles 

particles (2) containing iron as a main component 
Thickness of Magnetic Co-coated magnetite particles 
non-magnetic Surface 50 particles (3) (Co content: 4.82 Wt. %) 
undercoat roughness Magnetic Co-coated maghemite particles 

Comparative layer Gloss Ra particles (4) (Co content: 4.21 Wt. %) 
Examples (,um) (%) (nm) 

Properties of magnetic particles 
Comparative 3.5 176 8.6 
Example 10 55 Geometrical 
Comparative 3.5 174 8.7 Average Average standard 
Example 11 major axial minor axial Aspect deviation 
Comparative 3.5 165 10.4 Magnetic diameter diameter ratio value 
Example 12 particles (,um) (,um) (—) (—) 
Comparative 3.5 166 18.6 
Example 13 60 Magnetic 0.127 0.0177 7.2:1 1.39 
Comparative 3.6 136 31.6 particles (1) 
Example 14 Magnetic 0.105 0.0148 7.1:1 1.36 
Comparative 3.6 143 27.1 particles (2) 
Example 15 Magnetic 0.151 0.0221 6.8:1 1.44 
Comparative 3.5 164 17.2 particles (3) 
Example 16 Magnetic 0.211 0.0285 7.4:1 1.36 
Comparative 3.5 121 36.8 65 particles (4) 
Example 17 










